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Tough Steel for Secret Process 
Made by Inland for Government Arsenal 


Special steel for small and large calibre guns is 
made by Inland for a Government Arsenal. The 
gun barrels are manufactured by a secret process 
and require an especially tough, high-quality 
carbon steel. Thousands of tons of this steel already 
have been made by Inland, and a large tonnage 


continues to flow to the Government Arsenal. 

Production of this steel to exacting specifications 
begins with the careful selection and blending of 
raw materials. Furnaces must be in perfect condi- 
tion; temperatures are controlled to the nth 
degree. Expert steelmakers and highly trained 
metallurgical technicians supervise each phase of 
production, from blending of raw materials to 
final inspection. As many as a hundred test sam- 
ples are often taken as the heat progresses to 


SHEETS , STRIP TIN PLATE 


PILING 


REINFORCING BARS BST EELS RAILS 


make sure the chemical analysis is exactly right 
A heat is immediately rejected if it does not safel 


meet every rigid requirement. 


Ingot molds are thoroughly cleaned and prepared 
for hot topping. Billets are heavily cropped 
chipped and ground to eliminate all possibl 
defects. Every ton of this special Inland gun 
barrel steel must pass the critical examination o! 


U.S. Government inspectors before shipment 


Inland has had many years of experience 
making steels to meet special requirements. Wi 


are glad now to be able to turn this skill to th 





production of steel for gun barrels and fi 
bombs, ships, tanks and all else needed fi 
Victory in the war against aggressor nations. 
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TRACK ACCESSORIES 


Offices: Milwaukee, Detroit, St. Paul, St. Louis, Kansas City, Cincinn 














RELATIVE EFFECT OF ELEMENTS 


ON ALLOY STEELS 


By John Mitchell 


Metallurgical Engineer 
Alloy Division 
Carnegie-Hlinois Steel Corp. 
Pittsburgh, Pa. 


HEN AN ADDRESS on “Selection and 
Conservation of Alloying Elements Used 

n Steel” was first prepared for various speaking 
gagements before @ Chapters in the winter of 
1941-1912, one of the major problems confront- 


¢ the makers and users of steel was the con- 





ervation of strategic alloying elements. Before 
e turn of the vear it became apparent that 
ere would be a shortage of certain elements 
to fill the requirements of our own armed 
rees and to supply “lend-lease” tonnages. 
More intense study was then given to the allied 
blems of making a little alloy work to the 
st advantage, and of recovering and putting 
use the alloying elements in the cir- 
load of scrap steel. The latter work 
esulted in the development of the NE steels 
Stee page 60 by a committee of which the 
is chairman, and the subject matter of 
ss became of double importance. The 
nm was, in fact, used very effectively 
at the NE steel compositions, since 
considerations of many items other 
nability (which by itself quite appar- 
ot provide all the answers). 


laterial was originally prepared for 





negie-Illinois’ metallurgical contact 





lives as a practical guide to the rela- 





nee of certain alloying elements in 





en working with customers these 





ad, in readily available form, infor- 





n which to base their recommenda- 





July, 1942; Page 53 


tions for using a certain element or combinations 
of elements in the lowest possible proportions, 
and vet give a steel suitable for the particular 
requirements, Essentially the system requires a 
great amount of basic information on the specific 
effect of individual alloying elements in steel, 
the analysis of such data, and their presentation 
in tabular and graphical form in a shape readily 
usable by manufacturers and users. Even 
though, in this presentation, the results are 
stated in qualitative terms rather than in definite 
numerical values, the utility of the presentation 
has been amply proven. In this rather shortened 
version for Merat Progress only a few of the 
curves can be shown; all of them are reprinted 
in American Iron & Steel Institute’s pamphlet 
entitled “Contributions to the Metallurgy of 
Steel, No. 6; Selection and Conservation of 
Alloving Eiements Used in Steels”. 

(1 wish here to express appreciation to 
KenNetH B. Dickson and to Mary Poorman for 
their assistance in the preparation of material 
for this presentation.) 

temarks will be confined to the following 
elements in the ranges cited: Carbon, 0.10° to 


eutectoid; manganese 0.25 to 2.00° ; phosphorus 


up to 0.15 ; sulphur up to 0.30°  ; silicon up to 
2.00% ; chromium up to 1.10%; nickel up to 
5.00°° ; molybdenum up to 0.75° ; vanadium up 
to 0.25 ; copper up to 1.10°°. This will include 


the common engineering steels referred to as 
A.LS.1. or S.A.E. analyses. By including copper 
and extending the limits of phosphorus and 
molybdenum over those normally used, it is 
possible to include in the proposed plan a wide 
variety of the common flat-rolled steels. 

When the elements exceed the maximum 








limits noted above, our plan of appraisal is 
not generally applicable, as the presence of 
some elements in greater quantities tends to 
impart a reverse or quite different effect. It 
must also be assumed that the steel will be given 
the proper heat treatment and processing. 
Further, the proposed scheme relates only 
to the fine-grained steels, except in the instances 
of flat-rolled steels (such as sheet or plate) and 
those steels known as free-cutting (such as bes- 
semer screw stock, or resulphurized openhearth 
With the exception of the 


special, stainless, or toolsteel grades, the merit 


free-cutting steels). 


rating plan to be suggested covers the major 


portion of steel production and consumption. 


Basis of Appraisal 
At the outset the influence of varying 
amounts of a certain element (like chromium) 
(like harden- 
In this case it is common 


on a certain property of steel 
ability) was analyzed. 
knowledge that chromium is a very potent ele- 
ment for increasing hardenability, and _ that 
when the chromium is increased from say 0.25 
to 0.50°, the 0.25% chromium is more effective 
than though it were added to a 0.75% chromium 
steel to make one containing 1.00% chromium. 
These facts are expressed in the upper left curve 
of Fig. 1. 

To indicate in a tabular, qualitative manner 
whether the elements have a favorable or unfa- 
vorable effect, a weak or a strong action, upon 
the properties of steel or its response to certain 
adopted an 


processing operations, we have 


arbitrary system of merit ratings. Rating num- 
bers vary from zero to +10 where the element 
is favorable and from zero to —10 where use 
of the element is detrimental to the results 
desired. In the representative case of chro- 
mium, the effect on depth of hardening has 
been fixed at +7, in accordance with the follow- 
ing schedule or key: 
10 Strong favorable effect 
Moderate to strong favorable effect 


~ 


a Moderate favorable effect 

2 Mild favorable effect 

l Slight favorable effect 

0 Little or practically no effect 

l Slight unfavorable effect 

2 Mild unfavorable effect 

5 Moderate unfavorable effect 

7 Moderate to strong unfavorable effect 
10 Strong unfavorable effect 


@ Suffix letters are used in connection with 





all rating numbers to indicate the char 
influence of the added element. Thus, 
influence of the element appears to be 
mately proportional in intensity to the 
present, a linear function is assumed 
This “straight line” or proportional inf 
indicated by the suffix letter “P”, Wher 
ments function with relatively greater 
at low concentrations, the merit rating 
is followed by the letter “S” to indi 
small quantities are most effective. Co 
when moderate additions appear to exe 
relatively minor effect while greater 
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Fig. 1— Curves Showing in a Qualitati 


the Effect of Certain Common Alloying El! 
on Representative Properties of Steel. ! 
represent maximum limits of alloys co! 
letters indicate whether influence of the el 
strongest in small quantities (S), in 
large quantities (L), in tintermediat 

I), or is proportional to its amount pr 


exert a disproportionately strong influ 
merit rating number is followed by the ki 
to indicate that /arge amounts are nece: 
the few instances where some certa 
reaches a maximum at an intermedi 
on the curve and then decreases in int 
more of the element is added, the me! 
number is followed by the letter “I” t 
that intermediate amounts of the el 
most effective in securing the desired 
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f pproximate Characteristic Curves of 
Alloy Content to Wear Resistance 
Quench and Draw to 300 to 400° F. 
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S/iCoN and Copper Have 
Little or No Effect 

Chromium +8P 






Manganese +6P 
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In assigning merit ratings, the shapes of the 
irves designated by the suffix letters were con- 
sidered as being Just as important as the num- 
ber itself. Thus, while it is not possible to 
letermine the exact limits of the elements 
eeded to achieve a desired end, the suffix let- 
ter indicates whether large or small amounts 
f any element are most effective, the number 
iself indicating the degree of favorable or 
favorable effect. Neither numerals nor letters 
ilone can be used as a guide. 
lhe example of chromium has already been 
ted. Figure 1 shows that the function of car- 
bon as regards abrasion is a straight line in 
edium and hard steels, so we have the plus 
‘P’ curve noted in the table, page 56. (In mild 
eels the carbon must be on the high side to 
ve any appreciable effect, so the rating is 
5L.) Large amounts of nickel are required to 
velop maximum corrosion resistance, while 
small quantities are relatively ineffective, which 
establishes the plus “L” curve. Where hot fab- 
ation is involved as in rolling or forging, the 
ckel function is a straight line, shown as the 
unus “P” curve. Small percentages of silicon 
re not relatively as harmful to the carburizing 
peration as are large amounts, as indicated by 
minus “L” curve. Small percentages of 


1 
ade 


phosphorus exert a strong influence on the 


ighness of steel at low temperatures, so the 
nus “S” curve is assigned, In the case of man- 
sanese, maximum effects are secured on the 
/roperty of ductility in the hot-rolled condition 
the use of intermediate amounts, this effect 
ing shown by the plus “I” curve in Fig. 1 and 
rat { +-21 in the table. 
W] 


ising the table on page 56 as a basis 
omparisons, it must be remembered 


t +h . . 
it th rit ratings have been developed by 
nsidet the effect of the various elements 


‘arbon steel such as 1015, 1020, or 
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1030 with a minimum of 0.10% carbon and 
0.25% manganese (except in the case of flat- 
rolled steels). Further, the user should bear in 
mind that the composition is being built up by 
the use of a single alloying element as listed, 
such as 344% nickel, or 1.00% chromium, or 
2.00% manganese. In this way the user can 
study the effect of a single alloying element on 
a low or medium carbon base composition. 

Unless specifically noted, merit ratings are 
based upon use of the maximum percentage 
shown for each element. Two columns have 
been assigned to carbon, covering the ranges 
0.10 to 0.30% and 0.30 to O.85°. The ratings 
relating to welding, corrosion, and deep draw- 
ing properties are based on a carbon range of 
zero to 0.30% instead of 0.10 to 0.30%. When 
making comparisons between effects of elements 
other than carbon and manganese in two spe- 
cific steels, see to it that the carbon and man- 
ganese content is the same. The proper amounts 
of these two elements, carbon and manganese, 
are essential in any steel. 

There may be some difference of opinion as 
to precise merit rating numbers — whether, for 
example, a number should be +5 or +7. Such 
small differences, however, will have little influ- 
ence on the final result, as will be seen later. 
The table has been developed in broad terms 
and is primarily intended to outline trends that 
metallurgists would accept as reasonable. No 
attempt has been made to reduce the science of 
metallurgy to mathematics.* Rather, the tables 
should be considered as a source of information 
which will be useful as a reasonable guide in 
the selection, conservation and economical uti- 
lization of alloying elements. They also enable 
one to determine roughly the relative amount 
of each element required to influence a property 


or reaction to the degree desired. 
Specific Examples 


In the following paragraphs will be outlined 
briefly some of the principal points which were 
weighed in assigning merit ratings. 

Wear Resistance ratings (Fig. 2) were assigned 
on the assumption that the steel will harden 
thoroughly with no free ferrite present, preferably 
to about 600 Brinell or Rockwell C-60, and 
when compared will have equal carbon contents, 

Annealing for Pearlite. Merit ratings take into 
consideration the effect of the various elements 


*A notable exception is GROSSMANN’s computation 
of hardenability from the chemical composition, sum 
marized on page 80 and the data sheet, page 81. 
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Relative Merit of Alloys in Steel as Regards Influence on Specific Properties or Respo 





Phos- Molybde- 
Y») . Ss . “hr ; lickea - Tc a3 
Carbon Carbon Manganese phorus — s on ¢ — os “ ; num \ een , 
0.10 to 0.30% 0.30 to 0.85% 0.25 to 2.00% Upto oe vee pam ss Up to pv 
0.15 0.30% 2.00 1.10% 5.00 % 0.75% 0.25 


ABRASION RESISTANCE; Steel as rolled, as forged, or normalized 


t3L +10P +8L 0) 0 t2P t7P +3P +4P 0 
Wear ResIstance; Steel fully hardened (no free ferrite) to C-60, drawn at 300 to 400° F. 

0 -10P +6P +1P 0 +2P +8P t3L +-5P +2P 
ANNEALING; Degree of accuracy necessary to control temperature when annealing to lamellar pearlit 

+3L +5P 0 0) +3P t2P 
CARBURIZING; Depth of case only 

0 +5P 0 0 +2P +2P 
CORROSION in atmosphere or weakly corrosive liquids 

() LJOpP 2p 0 LOL +2P 0 

Creep RESISTANCE at temperatures uv to 950° F.; Steels drawn at higher temperatures 

+21 0) 0 0 0 +1P 0 +10P ? 
DISTORTION ON OIL QUENCHING, and susceptibility to quench cracks (Effect of volume change at trans 

0 


DISTORTION ON WATER QUENCHING and drawing (and susceptibility to quench cracks) 
0 


FABRICATION IN DEEP DrawinGc; Breakage of strip or sheet 


FARRICATION IN CoLp BENDING 


+21 +5S roo +3P 
Hor WorKABILITY; Formation of seams, scale, decarburized skin, resistance to flow 
+2P +7S 0 0 0 
HARDENABILITY or hardness penetration (Basis: Steel with 0.70 to 1.00% manganese) 
1P +-2P -10P +-3P t2S$ +7S -10L -7§$ +5! 
MACHINABILITY; Steel as rolled, as forged, or normalized 
+2P t6P +10P 0 
MACHINABILITY; Steel annealed to maximum lamellar pearlite 
+2P +31 +6P +10P 
MACHINABILITY; Steel quenched and drawn to 300 Brinell 
0) 0 +4P +§P 0 0) 
MACHINABILITY; Steel quenched and drawn to 400 Brinell 
0 0 +2P -3P 0 : 
STRENGTH; Steel as rolled, as forged, or normalized 
t4P +10P toP +oP +7P +5P +5P toP 0 


TOUGHNESS AT Room TEMPERATURE (as judged by reduction of area in the tensile test or by notched 


test): Steel as rolled, or as forged 





+21 +10P +3S +-2P 
TOUGHNESS; Steel as normalized 
+3I +10S +5P oP 
Foucuness; Steel fully quenched and drawn to 300 Brinell 
0 0 0 0 6P +2S 1P 
TouGHNEsSsS; Steel fully quenched and drawn to 400 Brinell 
0 0 0) 0 +7P -4S$ +28 
TouGHNESS; Steel fully quenched and drawn to 300 to 400° F. 
0 +2. +10S +4S$ +3S 
TOUGHNESS AT Room TemMperATURE; Steel fully quenched and drawn to 400 to 600° F. 
0 0 0 0 ( 
TOUGHNESS AT —50° F.; Steel as rolled or as forged (Basis: Notched bar impact test, specimen at 
+21 +10S -3S + 3P 
TOUGHNESS At —90° F.; Steel as normalized at 1650° F., but below grain coarsening temperature 
+21 +10S +5S 5P 
TOUGHNESS At --50° F.; Steel fully quenched and drawn to 300 Brinell 
0 0 0 0 L1{OP L23S 1? 
TOUGHNESS Ar —930° F.; Steel fully quenched and drawn to 400 Brinell 
0 0 +2P 0) -10S +4$ 2S 
TOUGHNESS AT —50° F.; Steel fully quenched and drawn at 300 to 400° F. 
0 +2L +10S +4$ r4s 
WELDABILITY; Susceptibility to small ruptures when fusion welding without preheating or post heat 
‘ 1P 
*Rating based on carbon range of 0.0 to 0.30%. I, means large quantities, near the 


range, are needed. 
I, that intermediate amounts are n 
+(?) means probable positive inflt 


(?) means probable negative infl 


Code: Zero to +10 for strongest favorable effect. 
Zero to 10 for strongest unfavorable effect. 
P means effect is proportional to amount of alloy. 
S means small quantities are most effective. 
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ree of accuracy necessary in control- 


and cooling cycles to produce lamellar 


rmally, those elements which lower 
mation temperature in cooling, carbon 
quire closer control. Note that the 
bide-forming elements (carbon, chro- 
vanadium) are helpful. Manganese and 
um have a weak negative effect and 


, moderate negative effect. See Fig. 3 


} 


ile opposite. 
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Percentage of Elernent 
Curves Showing the Relation of Alloy 
to Distortion of Water Quenched Parts 


Carburizing ratings have been assigned with 
rence to the depth of case and have no relation 
is carbon concentration. Silicon and copper 
the most harmful, particularly if exceeding 

Si or about 0.60% Cu. 


however, might well be considered as a 


Certain amounts of 


ns of controlling carbon concentration; with 


1.00 there is no excess carbide. This is 


some applications, although longer time 
s or higher temperatures may be necessary to 
luce the desired depth. 
Corrosion. It has been assumed that the steel 
treated in accordance with accepted and 
d practices which render it most resistant to 
ic] lor example, stress relieved if unduly cold 
xed. Steels are not ordinarily quenched and 


nerease corrosion resistance. In the case 


Sul rods, however, heat treatment is com- 
ily used to improve physical properties. Copper 
ry} . . . . 

p horus are the most effective elements, 


| . . — . 
h kel in large amounts is beneficial. Sul- 


irbon have some detrimental effects. 
Resistance is affected by the heat treat- 
ed prior to use and the temperature to 
ch teel will be subjected. Flat-rolled steels 
ge! ‘ly annealed or normalized; or normal- 
rawn in excess of 1000° F. Treatment 
_s iperature bolts generally consists of 
lowed by drawing in excess of 950° F. 
ba cold worked subsequently, they are 
ed to elevate the elastic limit. 


Carbon up to 0.20°° and chromium are slightly 
helpful for creep resistance; molybdenum is by 
far the most effective alloy of the group. 

Distortion, or volume change on quenching in 
water, is shown in Fig. 3. Similar curves, although 
about one-third as steep, would be drawn for the 
effect of oil quenching 

Approximately the same ratings apply as to 
susceptibility to quench cracking, when made upon 
the assumption that the basic composition is low 
in hardenability and that, as the hardenability is 
increased by the addition of an element, danget 
of cracking increases except in the case of large 
amounts of vanadium). These ratings on quench 
cracking do not apply to any method of time 
quenching where sections are removed from the 
quench above bath temperatures. 

Distortion is dependent upon several factors, 
one being the effect of the element upon harden- 
ability with its attendant volume changes. In 
severely contrasting sections which have distorted 
badly during quenching, the distortion may be 
aggravated when the piece is tempered and the 
residual stresses relieved. 

To compare relative distortion critically, all 
the factors involved must be identical; carbon con- 
tent, section, hardenability, quenching speeds, and 
so on. Generally speaking, and for ordinary appli- 
cations, the results will be roughly the opposite 
of those noted for depth of hardenability. Such a 
simple rule does not apply in all cases. For exam- 
ple, where insufficient hardenability, caused by use 
of too little of an element, results in non-uniform 
quenching and distortion, the difficulty can be 
minimized by more alloy. 

Fabrication properties, generally speaking, are 
opposite to hardenability that is, any element 
which increases hardness is detrimental to deep 
drawing qualities. This applies to any state in 
which the product might be furnished as-rolled, 
normalized, or annealed. The various alloying 
elements reflect different phases which must be 
considered both separately and combined when 
assigning ratings to deep drawing ability; for 
example, whether the element added reduces the 
ductility; what effect the element has upon the 
response to annealing to produce the lowest pos- 
sible hardness; whether the added element is a 
carbide former or ferrite toughener; whether the 
element tends to increase or decrease the ratio 
between the elastic limit and ultimate strength; 
whether the element added is one which causes a 
high degree of cold working effects during defor- 
mation, thereby causing premature ruptures, 

The effects of the elements upon simple cold 
forming and bending are somewhat different from 
their influence upon deep drawing; those which 
impart ductility as measured by the tensile or 
impact test resist breakage in forming operations. 
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Fatigue resistance, which is very important, 
has been omitted purposely, as so much depends 
upon the effect of the mechanical design, the sur- 
the 
fore difficult to assign merit ratings as might be 


face character and environment. It is there- 


derived from laboratory tests. 
Hardenability, or depth of 
ratings should not be confused with the maximum 


hardening, merit 


intensity of hardness obtainable, which is mainly 
The 


vanadium curve assumes a sharp maximum prin- 


a function of the amount of carbon present. 


cipally because it would be impractical to raise 
the quenching temperature high enough to take 
all the hence, the 
remaining undissolved carbide “tied up”, a lower- 


carbide into solution; with 
ing of relative hardenability occurs in the higher 
ranges of vanadium. 

Since depth of hardening is dependent upon 
quenching speed as well as the composition of a 
steel, both factors must be taken into consideration 
when choosing the proper steel for a specific size. 
To do this most effectively other data should be 
consulted, as, for example, cross-sectional and end- 
quench hardenability curves of steels of equivalent 
analyses, as found in various publications, or the 
computations as outlined by Marcus A. GROSSMANN 
on page 80 may be made. 

Hot Workability. This over-all appraisal 
includes consideration of Certain 
elements have an effect 
such as seams, scabs, ruptures, excessive decarbu- 


several factors. 


upon surface conditions 
rization, adherence of scale; others upon resistance 
to flow, which causes surface imperfections such 
as crowding of metal; other elements increase sus- 
ceptibility to burning or to red shortness, Carbon 
aggravates burning; sulphur and copper contribute 
to red shortness, seams or injurious surface breaks; 
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Influence of Alloys on Hot Rolling or Forging 
Properties, Such as Resistance to Flow, and the 
Formation of Seams, Scale, Decarburized Skin 


silicon 


causes 


resistance 


to 


flow and ec 


face imperfections; nickel causes scale 


and resista 


resistance t 


to flow _ 


0 flow. 


nce 


molybdenum 
Sulphur, silicon, n 


copper do not favor hot work, while ma 


beneficial. 


See Fig. 4. 
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Machinability ratings have bee: 


with relation to the hardness, strength 


or 


machinabili 


a combination of all 


ty. 


three and 


thei: 


A decrease in machining properties 


narily be ex 
increase 


increase 1n 


the 


pected from 
hardness or 


ductility, 


b) 


a) those elem 
strength and 


those eleme: 


increase the strength and hardness only, 


c) those elements which have high air h 
properties increasing the strength and har 
rapidly although slightly decreasing the duet 
Phosphorus and sulphur improve the mach 









rdet 


| 
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properties, regardless of the other elements pres 


As a rule, low carbon steels are machined 


“as-rol 


the 


led”’ 


or 


“as-forged” 


conditio: 


higher carbon steels are generally annealed 


some cases 
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Alloying Elements to the Machinability 
When Annealed Completely to Lamellar P 


To compare the effect of the elements 


machinabili 


ty of 


fully annealed steel, h 


strength and ductility should be as nearly id 


as possible. 


and toughness have been taken into conside! 


in assigning merit ratings. 


Unavoidable 


variations in 


Strictly carb 


ing elements would be preferred for | 


machinability; those which combine wi 


and also exist in solution in the ferrite w 


second, and those which exist entirely 


in the ferrite are least desirable. 


When 


steel is heat 


treated 


See Fi 
to ol 


Brinell, it appears that the elements alte: 


ability somewhat in inverse relation to 


; 


on toughness as measured by a notched |! 


test, or by reduction of area in the | 


and not necessarily in relation to the d 


measured b 
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y elongation. 


To compare 


} 





Characteristic Relation of the Con 
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- Nickel 








Manganese -I0L 

bdenum -t0l High CGerbon -10P od 

4¢ O06 O08 10 2 14 16 18 20 
Percentage of Element 








Curves Showing the Effect of Alloys on 
Formation of Ruptures in Fusion Welded 
Volt Preheated or Post Heated. 
(is based on the carbon range 0 to 0.30% 


Low car- 


the element in hardened steels, the composition 
f the steel must be such as to harden thoroughly, 
eferably to about 550 Brinell or commensurate 
vith the hardness obtainable the 
pe, without any free ferrite grain boundaries 
letrimental to machining, particularly drilling or 
Note that the improvement imparted 


maximum for 


rming 
by phosphorus or sulphur decreases as the hard- 
SS Increases. 
Strength appraisals are based on a _ section 
is-rolled, as-forged or normalized steel small 
ugh to reflect to a considerable degree the air 
hardening properties of the composition being 
tudied. As the sections increase, the relationships 
shown in the table are less applicable. 
Toughness at Room Temperature is judged 
relation to the figures for reduction of area in 
the standard 0.505-in. tensile test bar, or the ft-lb. 


energy absorbed upon fracturing a 10-mm. 
square bar (0.394 in.) with standard V notch. To 


nake accurate comparisons, the hardness of the 
steels should be identical. Because of the individ- 
il characteristics of each element this is prac- 
cally impossible to attain. This difference in 


haracteristics has been taken into consideration 







involves differences to be found by notched bar 
impact tests; when steels are thoroughly hardened 
and subsequently drawn in ranges up to approxi- 
mately 400 Brinell, the effect of the elements upon 
ductility is For 100 
Brinell up to the maximum obtainable for the type, 
the effect of the pro- 
nounced. 

The effect of some of the elements is modified 


small. hardnesses above 


elements becomes more 


by the brittleness developed by drawing between 
100° and 600° F., 
on fully hardened specimens drawn in increments 
of 25° F. starting at about 300° F. and continuing 
io 650° F. It will be found that there is some loss 
in ductility in most types of steel although the 
from one type to 
this 


as shown by notched impact tests 


percentage of loss will 
another. Merit 
centage of loss. 

Toughness at Low Temperature is rated on 
the effect of the elements at temperatures down to 


notched bar 


vary 


ratings reflect relative per- 


about —50° F., as measured on a 
Comparisons are based on equivalent 


Due con- 


impact test. 
hardness values, as nearly as possible. 
sideration has also been given to their air-harden- 


ing and toughening characteristics. 


Normalized steels should be heated in the 
neighborhood of 1650° F., but below the grain 


coarsening temperature of the particular steel. 

Weldability (Fusion). Merit ratings have been 
assigned with due regard to the relative hazard 
which exists when no preheating or post-heating 
is used as a precaution against ruptures in or 
adjacent to the welds. A direct relation exists 
between the air hardening properties of the ele- 
ments and their effects upon rupture. See Fig. 6. 


A Sample Appraisal 


While these merit ratings in the table on 
page 56 may be used in several ways, let us 
consider their use in estimating the chances for 


improving a mild plain carbon steel in a use 











: : which demands abrasion resistance, strength 
issigning merit ratings. All comparisons have r hiti t] 
} F E 5 *S! * as-r - , ’ Cc 
been made upon the basis that the same cross- ind toughness in the as-rolled condition, th 
ction exists. ability to fabricate by cold bending, and weld- 
Toughness ratings on heat treated steels, ability. The adjoining table shows the sum of 
tested at room temperature, hold true whether the all the favorable and unfavorable merit rating 
sections are oil or water 
juenched, the principal . ; ; 
reanis Appraisal of Steel for Welded Excavating Machinery 
qui nts being that 
he sf } : “ . 
will harden PROPERTY C (a) Mn P S SI Cr Ni Mo \ It 
horot vy to about 550 
7 ' Abrasion 
i ree from any : F ‘a 
ha ie resistance +3L +8L 0 0 +-2P 7P 3P +4P 0 IP 
: in oundaries, Strength (b) L4p | 5p L 5p 9p 1 7p 5P 5P 5P 0 iP 
ne carbon con- Toughness (b) 3P +- 2] &P 6P 2P sP 10P r3sS +2P IL 
ut the same Bending 2L +2l 10L 7P 6P 10P 5S -3S +3P +2P 
th parison steels. Weldability 21. (c)) —10L | —7L 3P | —5L | —10L | —101.| —10L| +1P 1 
} sn = ~ ‘ ae » a 
thness here Plus totals +7 17 +S +0 +g +12 23 +15 6 5 
Minus totals 7 10 | ,—25 18 13 28 10 10 0 4 
ige 59 “F saad ; Shee aonie 
fa) Effect of carbon in the 0.10 to 0.30% range. 
(b) For steel as-rolled. 
(c) Effect of carbon in the 0.00 to 0.30% range. 




















values for each element upon all the properties 


or responses involved in this hypothetical set 
of conditions. The individual lines were taken 
from the large table, page 56. 

It will be noted all the favorable and unfa- 
vorable points have been summed up separately 
in this small table. These totals merely call 
altention to the fact that sometimes there are 
as many unfavorable points as favorable points 
for a certain element. The problem therefore 
confronts the user of such a table of making a 
decision as to where and to what extent com- 
promises must be made in an attempt to select 
the most suitable composition. It is not recom- 
mended that the numerical totals alone be con- 
sidered as the guide, since the suffix letters in 
each individual case must also be weighed to 
arrive at a conclusion in the proper selection of 
the necessary alloying combinations. 

It must also be recognized that the totals 
are applicable when the maximum amount of 
element shown in the heading of the large table 
(page 56) is present, and will change in accord- 
ance with the suffix letters. 

The small table also is an example of how 
an appraisal may be made for practically any 
application. While such tables will not neces- 
sarily give the exact combination for best per- 
formance under all shop conditions, they will 
guide the user in choosing the most promising 
elements and they will indicate whether small 
or large quantities are required for a property 
or a response. They will also indicate clearly 
what sacrifices must be made in one direction 


to secure desirable properties sought in another 





Use in Formulating NE Ste« 


At present the trend is to stand 
fewer types of steels and the use « 
amounts of alloys, depending upon 
steel manufacturing p 
heat 


design of the parts, to permit the use o 


ments in 
improved treating technique, 
amount of the alloy. 

In line with this idea, national ¢ 
steels known as the NE8000 series, 
compositions of manganese and molybhd 
and low percentages of chromium, nickel 
molybdenum, were established by a comn 
consisting of representatives from the | 
Committee on Alloy Steel of American 
Steel Institute, cooperating with repress 
of the Society of 


interested ferro-alloy 


Automotive Engineers 
manufacturers. Al] 
two of the 29 committee men are ASMen 
Compositions were selected on the basis 
the end-quench method of determining hia: 
ability. This method was chosen as ly 
most rapid and practical means of com; 
all types of constructional alloy steels. \ 
sections or parts are properly treated, it afl 
an accurate guide to the relative possibilit 
steels of different compositions. It is r¢ 
that the hardenability test alone is not 
factor that must be considered when sel 
steel, consequently the other factors mus 
studied in connection with the data p: 
presented, plus the corresponding curve s 


published in full in the document men! 








direction. Thought must be given to the rela- the outset (page 53). i) 
tive effect of each 0.01° of an 
element necessary to impart the National Emergency Alternate Steels 
properties desired. If weighed . 
: : DESIG- CHEMICAL COMPOSITION 
carefully by relative 0.01° incre- . 
: . ATION ; 
, » . ( MN Mo NI ‘ 
ments, the information presented 
in this paper will guide the maker NE 8024 0.22-0.28  1.00-1.30 | 0.10-0.20 
and user of steel in the economical NES124 ——0.22-0.28 | 1.30-1.60 | 0.25-0.35 
use and conservation of strategic NE 8233 0.30-0.36 | 1.30-1.60 | 0.10-0.20 
j NE 8245 0.42-0.49 1.30-1.60 | 0.10-0.20 
clements. : 
We ] ’ 14] hI NE8339 0.35-0.42 1.30-1.60 0.20-0.30 
; ave ‘se Li ; — » 
= lave foun " - “ es to NE 8442 0.38-0.45 1.30-1.60 0.30-0.40 
be particularly helpful in discuss- NE8447_-0.43-0.50 | 1.30-1.60 | 0.30-0.40 
ing problems with mechanical NE 8547 0.43-0.50 § 1.30-1.60 0.40-0.60 
engineers who have not been able NE8620 —0.18-0.23 -0.70-0.95  0.15-0.25  0.40-0.60 
to keep abreast of all the metal- eee | SSOE | Grease | Saeeee | Soe | 
lurgical advances involved in steel NE8724 0.22-0.28 | 0.70-0.95 | 0.20-0.30 | 0.40-0.60 | 
- , ‘ : , ae NE 8739 0.35-0.42 0.75-1.00 0.20-0.30 0.40-0.60 
selection or performance. Chey NE 8744 0.40-0.47  0.75-1.00 0.20-0.30  0.40-0.60 
also reveal why it is sometimes NE8749 = -0.45-0.52 | 0.75-1.00 — 0.20-0.30 — 0.40-0.60 
necessary to have combinations of NE8817 0.15-0.20  0.70-0.95  0.30-0.40 | 0.40-0.60 
: , ,-E 8949 0.45-0.52 .00-1.30 0.36-0.40 0.40-0.60 
alloving elements. NES94 7 508-59 : 
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w R PRODUCTS CONSULTATION 


ronze Gear Alloys 


The Problem 


Raised by a Manufacturer of Gear Drives 


\ COUNT of the shortage of tin, which 
O soon amount to a total prohibition, it is 
to develop a substitute for the tin 

Qur particular interest is bronze worm 
irs heavy duty drives; we have been using a 

nickel-phosphor bronze containing about 
fhe metal must be structurally strong, 
, good bearing metal and should develop a hard 

n under heavy sliding surface loads. 

We did quite a lengthy research on various 
iis for worm gear drives in 1931-34, which 
ited in the selection of the chilled nickel- 

hosphor bronze already mentioned. We propose 
repeat this with only one variable —— the gear 
but first we need to know the mixtures 


mn alternative bronze for heavy duty gears. 
Tentative Solutions 


From an Automotive Manufacturer — Duplica- 
| physical properties could probably be 
uplished by substituting silicon for the tin, but 
inti-scoring properties will be sacrificed. All 
lest information indicates that bronzes con- 
ng zinc, manganese, silicon or aluminum are 
nickel-tin bronzes for frictional pur- 
poses. | would retain the nickel and substitute 
silicon ne or possibly silicon and manganese 
replace the tin. 
From an Electric Furnace Operator —- We have 
sed the high-tensile cast manganese bronze 
lescribed in @ Handbook, page 1432, for large nuts 
‘ing devices on our electric furnaces, and 
re giving results comparable with the 
CK bronze we formerly used. 
From a Maker of Heavy Mill Machinery —- We 
re ed bronze worm gears with Meehanite 
is rms in boring mills, and have found 
—s superior to the bronze formerly used. 
hes is were used as-cast. In another instal- 
duty bronze worms and gears in a 
: i§ machine were replaced with this 
a iron heat treated to 300 Brinell. These 
= gears in both installations replaced 
ercome seizing and wear. 
A Pr t Shipbuilder--On worm gears, irre- 





spective of the contact speeds, we would suggest a 
silicon bronze,* specifically a 3% silicon (tin-free 
“bronze” hardened with about 1°54 iron, This is 
the well-known “P.M.G. alloy”, patented by the 
British firm Vickers-Armstrong. It is corrosion 
resistant and work hardens readily Aluminum 
bronzes will be satisfactory for slow moving worm 
gears, where the contact speeds are less than 300 ft 
per min. 

From a Bronze Manufacturer — As we see it, 
there is going to be a heavy swing from the tin 
bronzes toward the manganese bronzes, since they 
not only use little or no tin, but they also conserve 
scarce copper by using more of the available zinc 
However, we have never recommended manganese 
bronze for bearings or worm gears. This leaves 
aluminum bronze as an alternative, and fortunately 
it can be made with secondary aluminum now 
procurable. 

Aluminum bronze is definitely stronger than 
the nickel-tin gear alloy; it also forms a hard skin 
under sliding surface loads, and has the necessary 
toughness. We have supplied many worm gears In 
aluminum bronze in either of the following: Com- 
position 1; Copper 89.0, aluminum 10.0, iron 1.0 
and Composition 2: Copper 86.0. aluminum 10.5, 
and iron 3.5 

The latter material, because of its higher iron 
content, is generally considered to have greater 
wear resistance. Both are “duplex structure mate- 
rials” in which there is more than one metallo- 
graphic phase present) a definite advantage over 
the lower aluminum alloy, which has only one 
phase present, and also, for the same reason, over 


the so-called high tensile manganese bronze alloys 
The Result 


“We have made two series of ‘tests to destruc- 
tion’ on different alloys and are now working on 
others. The two were silicon bronzes and each 
carried the rated load of a chilled nickel-tin bronze 
of similar size. That is just one third the load 
value of the latter, or, said differently, the factor of 
safety would be unity instead of three. At the 
same time we ran a test on the nickel-tin bronze 
to check our base line. It did check exactly 

“We are still searching for new and promising 
combination alloys, especially with duplex struc- 
ture, and would like to hear further suggestions 
from ASMembers.” Se 

*These have been described systematically in 
Mera. ProGress for March 1938, page 258. 


+See Metrat ProGcress, December 1940, page 789. 
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SOME FACTORS AFFECTING HE 


DRAWABILITY OF 


ALUMINUM SHEET 


By G. A. Brewer, V. N. Krivobok 
and Mabel M. Rockwell 


Structures Research Dept. . . : 
Lockheed Aircraft Corp. cates, we believe, a preferred orientation 
Burbank, Cal. material, rather than a specific effect of 
size. The accompanying table compares 
fine and coarse-grained wedges. It shows 
the coarse-grained material, when such mat 
is composed of randomly oriented crys 


‘ i cates is superior for deep drawing to fine-gra 
WO ARTICLES have already been pub- ewer 6 
; , material if the latter has a structure invol 
lished in Merat ProGress on the wedge- 
ae <n aia preferred orientation of the crystals. Pre! 
draw test for determining the ability of sheet pe 
A . orientation evidences itself in shear fail 
metal to draw deep cups from circular blanks. r : ld | led | 
: . _ ¢ ie wedges, and Wwouk e revealet r\ 
In this final brief note some remarks on the ; sited 
: : ' nounced earing tendencies in cups (du 
effect of grain size, and on useful extensions of : % : 
; directional effects which would come 
the test program, will be made. ty a 
: ; ; actual shear failure). The net result 
Some tests were made to investigate the ‘ , 
, “pe case would be that the fine-grained 
effect of fine and coarse-grained microstructure : 


on the formability of 24S-O alclad. Seventy- 


eight wedges of 0.051-in. sheet were drawn; 56 


could not be drawn to the same dep! 
coarse-grained material. 

of them were of fine-grained material, and the 

Drawing Properties of Fine and Coarsre-(;rain 


° ar : *)*) P mar > “o>? ’ > sare . 
remaining 22 had coarse grain. Chemical con- : 
i“ ry 24S-O Alclad 


stituents of the two materials were found to be, 





for all practical purposes, identical. r:R} 
NUMBER GRAIN TESTING 
or TESTS SIZ! DIRECTION MINIMUM 


was good and also uniform that is, the reduc- (a) 


Formability of the coarse-grained material 


tions obtainable across the grain were the same _ 
Coarse With 0.900 


Coarse Across 0.517 
hand the fine-grained material showed _ pro- : Fine With 0.540 


as those obtainable with the grain. On the other 


nounced directional properties; reductions Fine Across 0.508 
: . . 33 Fine $5° 0.48 
obtainable with the grain were less favorable 








than those obtainable across the grain. This (a) Below this ratio failure always o 
marked difference in directional properties indi- (b) Above this ratio failure does not 
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LE 


= | 


lue to the drawing Fig. 1 
a Solution Heat Treatment After Drawing. Regions near the 
throat retain original grain size; heavier reduction results in 
recrystallized metal Note the relatively sharp transition 


ct of prior 
grain size 
reatment Is 
1. which 
rse-grained 
which was 
248-0, but 
‘ n the wedge 
ribed in pre- 
les, and then 

eat treated. 
short strip is 
inworked cor- 
e specimen. 
end of the 
strip represents the 
d of the wedge, 
h was therefore 
ected to compara- 
little drawing or 
d work. Locations 
her up the strip rep- 
sent locations further 
s the wedge, receiv- 


proore ssively greater 


iounts of cold work. 
s seen that the metal 
ch was subjected to 


siderable cold work, 


in, retained a very 
e grain size after 
ition heat treatment, 
le in material which 
i not been cold worked it is virtually 
nanged. Recrystallization during heat treat- 
tis evidently affected by the prior history 
id work. There is a definite critical degree 
old work, as indicated by the relatively nar- 
Vu sion zone. 


Other Factors for Study 


cognized that the studies which have 
nted in this and previous papers do 
tely cover the effect of various factors 
ht influence the results, such as rate 


irdening, effect of size and thickness 


sp n used, and so on. Strain hardening 
ire commonly said to be present in 

iy. loys, but do not seem to interfere 
ibility for deep drawing. Size and 

ck {f the specimen will undoubtedly 


results appreciably, and are being 
bject of further investigations. 











BEFORE 
DRAWING 




















AFTER 
DRAWING 





Wedge of Coarse Grained 294S-O Sheet Was Given 


It may be of interest to classify the factors 
of greater or less significance; they conveniently 
fall into three categories: 

I. INHERENT PROPERTIES OF THE MATERIALS 

a Grain size alre dy discussed 

b) Microstructure 

c) Rate of strain hardening 

d) Allowable limits of local elongation in simple 
tension 

e) Cohesive strength and allowable strain in slip 

f) Susceptibility to notch effects 

ped Directional properties 

Il. CHARACTERISTICS OF THE FINISHED SHEE 

a Process of chemical treatment and, hence, su! 
face condition 

b) Variation in thickness 

Il. Test AND PRACTICAL CONDITIONS 

a) Speed of drawing 

b) Friction and lubrication (already discussed 

c) Influence of bending at draw radius (already 
mentioned 


d) Effect of magnitude of throat radius 2 
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Obviously, the investigation of all the before-men- o f 
tioned factors is beyond practical possibility; further- 





more, their effects may probably be of a minor nature, 40 } 
or of importance only in certain alloys. Temperature, 
and time at temperature, used in the heat treatment of 30 
aluminum alloys affect their microstructure, but the a 
effect on drawing properties will probably be small. Ss ; 
However, microstructure B Olof ¢/ “Compressive 
o . } i 907? 
should be seriously consid- Fig. 3—+Comparison of ; Mi ais is 
ered when studying the Measured Strains in Drawn "| ° Wie Cup ——, Weage 
drawability of steels, both Cups and Wedges of oy «<—s \Onrioina 4 
carbon and low alloy. 248-0. 0.032 In. Thick. r:R ob ee eh . et 
A complex picture ratio is 0.531 for the cup wwe Ss 5 a ad ; 
involving rate of pull (test- and 0.538 for the wedge hanes 
hardening and the rs 
Fig. 2— Comparison of of deformation (wh 
the Measured Strains in latter is related to | 


Drawn Cup and Wedge of “local elongation’ 
24S-O, 0.051 In. Thick. r:R sala 


te ene fracture) may proy 
ratio ts 0.505 in both cases 


be more important | 
some alloys. 


The other factors are either related to thos 












tz 
: g just discussed or are believed to be of mi 
S importance, except that of surface condil 
” and size effect. The surface condition is a v 
‘Compressive Strain . ;, , 
ot G00 _, important consideration, perhaps not so mu 
rd vane in alelad aluminum alloys as in other metals 
ferrous and non-ferrous. The condition of |! 
107 grain boundaries in such metals, as govern 
= Oniginally V4 In both by heat treatment and cleaning (pickling 
0 operations, is very important in forming. 
I, ca ” ™ sd As for the size effect, it is known that | 
as limiting drawing reductions are influenced |! 
size of the work, being markedly more fav 
ing speed), hold-down pressure, rate of strain able when making very small parts, especial 
hardening and sheet thickness might be in the case of drawn boxes. 
derived, were all the above factors taken care- 
fully into account on alloys where they have an Correlation With Practice 
important effect. With steels, for example, the 
work of WinxLock and Lerrer (reported to the G, At any rate, the studies we have presen 
Transactions, 1937, p. 163) on the extent of the for aluminum sheet have been sufficiently clos 
strain and the course of the strain-stress curve to actual happenings, when deep drawing 4 
in pure tension above the lower yield point, is craft parts, that the feasibility of forming @ 
suflicient indication of what may be expected. particular part can be accurately predicted, 4 
Contrary to preliminary findings for aluminum, valid recommendations as to die design cat! 
it is necessary to control the speed of the test or made. To substantiate this point Fig. 2 ané 
the speed of hardening in order to achieve opti- compare the strains as measured on vedgt 
mum results when stamping sheet steel. draw coupon and those determin re 
In fact, it is possible that some generally lines lithoprinted on a cup drawn at san 
accepted beliefs may have to be discarded or r:R ratio. It will be noted that the gen 
modified. For example, capacity for work hard- shape of the curves for tensile and com)ress 
ening may not necessarily prove to be the best strain (e, and ¢.) was found to be simile: in! 
indication of deep drawing properties. Some cases, as were also the numerical vai 
such criterion as the ratio between the rate of differences between the tension cur 
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if the stroke may be attributable cups combined with straight (plane) sections. 
of bending over the draw radius, Eventually it is hoped to develop a_ tech- 
the wedge test. nique based upon laboratory tests, whereby a 

e extensive program of correlation part may be analyzed in the design stage as 
edge and cup tests is now being con- consisting of combinations of cups, straight 
lizing other materials in addition to bends, shrink and stretch flanges, and the proper 
alloys. It is expected that a similar method and limitations of fabrication predicted 
study will eventually be applicable on the basis of the fundamental data. Under 
ymplex shapes. Note that the same these conditions a part would be released to the 

are involved in all drawing opera- shop designed in such a manner that it could be 
| that many intricate shapes can be readily fabricated without the necessity of sub- 

, is consisting of sectors of cylindrical sequent design changes or excessive tool cost. @ 


id 
sl 





lable Centered on Side Columns of placed one or more stampings on the form 

Single Action, Hydro-Press. Designed block, the table notches around one station 
kheed engineers to speed production Centered on the press platen, the hlank is 
l parts, eight men handle about 20,000 pressed over the male form block by the thick 


per shift. ifter each “feeder” has rubber blanket attached lo the up pe r platen 
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UP-GRADING OF SCRAP BRASS 


TO WAR USES 


Part ll of Report to OPM 
by Advisory Committee 


National Academy of Sciences 


N THE FIRST PART of the study of second- 

ary copper which was requested by the Office 
of Production Management (and published in 
Mera. ProcGress last month) a review of the sta- 
listics indicated that about one quarter of the 
secondary metal recovered in the years 1935 to 
1940 inclusive had been put back into circula- 
tion by the electrolytic and furnace refineries; 
this was the cream of the scrap collections, both 
of new plant scrap and old discarded scrap cop- 
About 50,000 tons 


a year was new scrap from the industry that 


per (or “demolition metal”). 


fabricates unalloyed copper; it represents a 
fairly constant load of material in process. It 
will appear that much of this high grade metal 
absorbed by the refineries can now better be 
used, without refining, in the manufacture of 
needed composition ingot. 

Existing statistics for total amount of sec- 
ondary copper include sales of new plant scrap 
as well as demolition scrap (junk). The obvious 
fact was pointed out that the first category is a 
circulating load of metal in process; only the 
reclaimed junk represents a new supply of 
copper. It is, roughly, two thirds of the “total 
2,857,100 tons secondary copper” reported in the 
statistics for the period 1935 to 1940, both years 
inclusive. Owing to the fact that a large pro- 
portion of this remaining 2,000,000 tons of old 
scrap is clean, choice grades absorbed directly 
by copper refineries, brass mills and non-ferrous 
foundries, the residue is increasingly hard to 
reclaim into usable composition ingot. It was 
also pointed out that the amount of junk that 


can be collected will decrease because there will 
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be less and less new consumer goods to rep 
the discarded articles. 

In the normal course of business, copp: 
smelters, copper refineries, brass mills, n 
ferrous foundries and non-ferrous ingot rem 
ers enter the scrap market and purchase grad 
they can use profitably. The refinery, 
instance, will buy No. 1 copper scrap wher 
price is enough lower than the price of elect 
lytic copper wire bar to warrant the hand! 
and conversion cost, and impure No. 2 sera 
when it is cheap enough to warrant electrolyt 
refining. The plumbing goods manufacturer | 
readily use scrap valves, faucets and pipe ! 
tings when the price is slightly less than 
cost of alloy ingot. The brass manufacturer 
use No. 1 copper scrap to replace electroly 
cathodes in his furnace mixture; or if he 
get new brass clippings or turnings from his cus 
tomers that segregate their waste materials 
cleanly he can remelt them along with the crop 
ends and mill scrap he makes himself. 

All the above are the choicer grades, both 
of new and old scrap. The rest of the second- 
ary copper is the less desirable material on 
which the alloy ingot manufacturers’ business 
has developed for the last 89 years. The prob- 
lem of handling and disposing of the leavings 
is no new one to them. By proper selection o 
furnace charges, and by manipulation during 


melting, usable compositions have been pre 
duced. Most of the tonnage alloy contains a ff 
larger amount of adventitious elements thal 


1 __ ser 


would be there if virgin metal were us 
the data sheet “Standard Brass and bron 
Alloys of the Non-Ferrous Metal Ins! te” In 
Merat ProGress for April — but in yeers go 


numerous vilian 
{ brass 


by, foundries catering to 
industries have bought enough of 


and bronze alloy ingot relatively hig inci 















































nents (“impurities”) from the remelt- lines, once a prolific source of old conductivity 


much of the lower grade junk off the copper, are about all abandoned, Neither are 
f the metal was too impure even for Obsolescent electrical equipment and trans- | 
id be sent to a smelter and the impuri- mission lines being dismantled; they are now 
ed off or volatilized. being operated or kept in readiness to operate. 
present emergency the problem is (Anticipated copper scrap from the communi- 
tally different. Much of the civilian cations industry in 1942, for instance, is just 
vhich consumes the low grade ingot half what it was in 1941.) A reduction in witie. 
eliminated by priority restrictions; ery output of pure copper from secondary metal 
rnment is now the big customer and is also to be anticipated in 1942. On the other 
ts ications almost always call for high hand, demands are greater, for, on Jan. 1, 1942, 
grat igot, quite low in incidental elements the remelters were making ingot at twice the ! 


ties’). The ordinary way for a remelter rate of a vear earlier, and current business is in 






high grade brass or bronze ingot would the purer alloys needing a greater proportion 
lect the scrap carefully and then melt of No. 1 scrap for make-up. . 
1 sufficient quantity of pure material These facts, as well as the production statis- 
No. 1 grade clean conductivity copper) to tics quoted in the former article, indicate that 
Mi e undesired elements. For a variety of the shortage in good scrap is caused by a drying 
sug ed reasons this type of pure scrap for up of the supply and an increase in the demand. 
ng is not now readily obtainable, yet it Official orders have also seriously restricted 
s obviously more desirable to route clean cop- the ordinary flow of good plant scrap into alloy 
scrap to remelters for such purposes than ingot. Screw machine turnings, for instance, are 
send it to a refinery for purification and then no longer salable to scrap wholesalers or to 
i come back to the ingot manufacturer. ingot remelters; they must be returned either 
\side from seasonal influences (winter col- to the brass mill for remaking into more free- 
ons are always smaller than summer collec- cutting brass rod, or if the turnings go to the 
s) the reason to expect shortages of good ingot maker he is obligated to deliver to the 
pper scrap is that normal sources are drying brass mill an equivalent amount of usable com- 
ip. Buildings and residences (the most prolific position ingot. If the alloy ingot remelter must 
source of small scrap) are not now being demol- convert it into the same nominal composition, 
shed at the ordinary rate. Interurban trolley he must use a considerable quantity of purer | 
metal to counteract the contaminations it 
fle’ Furnaces for Melting the 20 Tons of Non- acquires in the manufacturer’s machine shop. 






vered Daily From the Westinghouse Shops 


In summary, it appears that impurities build 






up with each melting of material, and the sup- 






ply of purer grades of copper scrap reaching the 






alloy ingot remelters will be shrinking at the 






very time when this industry is rapidly expand- 










ing and must produce an increased proportion 
of high grade (low impurity) composition ingot. 
To meet this situation it is recommended that 
enough of the unalloyed copper scrap and No. 
1 old copper scrap be diverted to the remelters 





to meet the necessities of such compositions as 


“Navy 







grade” of composition ingot. 










Uses of Composition Ingot 





the 
Non-Ferrous Ingot Metal Institute have already 


Production statistics based on data by 





been shown in column 3 of Table Il, June Merar 






ProGress, page 821. Figures acquired month by 





month indicate that the output during summer 






and fall of 1941 was relatively steady and at 





about twice the rate for 1940. On this basis the 
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1942 production of alloy ingot will be on the 
order of 300,000 tons, and will contain (at an 
average of 80% copper) a little under 250,000 
tons of copper. 

A special study was also made of the uses, 
by analyzing shipments of remelted ingot for 
August, September and October 1941. These 
figures, extended to the entire industry in terms 
of ingot weight (not copper contained) repre- 
sent a good guess as to the situation during the 
third quarter of 1941. The figures even now 
have more than academic interest, for they rep- 
resent clearly the changes from “business as 
usual” and indicate some of the new problems 
that must be met. 


Estimated Consumption of Alloy Ingot for the Year 
1941 Based on Data for the Third Quarter 


Fire fighting equipment 10,000 tons 


Valves and fittings (plumbing) 78,000 
Lawn hose nozzles, etc. 1,000 
Farm machinery and implements 5,000 
Electrical equipment 5,000 
Elevator equipment 1,000 
Dairy machinery 4,000 
Builders’ hardware 4,000 
Meter equipment 8,000 
Bearings and bushings 26,000 


Railroad and locomotive equipment 29,000 


Marine equipment 5,000 
Army and Navy castings 71,000 
Pump castings 8,000 
Mining machinery 7,000 
Machine tools 3,000 
Atttomobile parts 1,000 
Miscellaneous castings 31,000 
Total 300,000 tons 


The essential nature of many of these items 
is apparent at a glance; all of them are now 
under priority control. Substitutes (plated or 
protected steel) for many items have already 
been worked out by enterprising manufactur- 
ers. Furthermore, the trend away from civilian 
production into material for ships and the 
armed services is by now almost complete. 
Even plumbing goods is restricted to canton- 
ments, war plants, shipping, small houses, and 
repair parts. Therefore it is better to discuss 
the problem of supply for essential services in 
its broad aspects rather than item by item. This 
can be done by taking the three major items in 
the above table: 

Plumbing; 78,000 tons, representative of 
vellow brass. 

Bearings, bushings and railroad equipment; 
55,000 tons, representative of the leaded brasses 
and bronzes. 

Castings for Army and Navy; 71,000 tons, 


representative of bronzes with low in 


The first item, involving the pr n 
up-grading of leaded brass will now dis. 
cussed, leaving the two other items for ibse- 


quent installment. 


Up-Grading of Leaded Bras. 


The question, baldly put, is this: “If we ap, 
restricted in the manufacture of yellow brass 
castings (and they are largely consumed by th, 
building industry), what can we do with th 
large amount of lowest grade scrap that is co 
lected from discarded articles and demoliti, 
operations?” <A representative alloy, confor 
ing to many current specifications, is nominal) 
71 Cu, 1 Sn, 3 Pb and 25 Zn. The lead is ther 
because the zinc which was used to make th 
alloy in the distant past was in all probabilit 
“prime western” containing up to 1.50% of lea 
because it is far more persistent than the rath, 
volatile zine and tends to increase on ea 
remelting, because much copper and brass (li) 
automobile radiators) available to ingot reme! 
ers is covered with solder, and lastly becauss 
improves the machinability of the part witho 
detracting from its castability or necessar 
physical properties where pressures and te 


peratures are moderate. 


Now assume that a large surplus of lea 
vellow brass ingot or scrap accumulates unuse 
as a result of restrictions on civilian consum) 
tion. (In normal times consumption of lead 
vellow brass is so large in proportion that so 
1500 tons of new pig lead is used annually | 
the foundries in compounding new alloys 
What can be done with this leaded yellow brass 
scrap? Could this casting alloy, which has 
broad tolerance for adventitious elements, 
converted by simple alloying to one of the co! 
positions for rolling, where impurities must ! 
held to narrower limits else cracked edges 2 
poor surfaces result? 

Consider one of the least pure of these rol! 
ing mill alloys, free-cutting rod. The compos 
tions are as shown in the tabulation on top! 
next page. 

If we assume that median amounts o! ¢ 
were present in the cas! brass 


t? 


ments marked 
it would require dilution with 3'2 times 


T 
yi 


weight of 99.75% pure copper and zine | 


the impurities down to that tabulated U 

rather impure rolling mill material, whereas 

the casting brass hugged the high sid the 
si\ 


specification it would require dilution 
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ast Versus Wrought Material 


LEADED YELLOW Brass 
CASTING INGOT 
70 to 71.75% 
0.75 to 1.5% 
2.50 to 3.5% 
25% nominal 
0.50% max. 
0.50% max. 0.15% 
0.10% max. 
: 0.05% max. 
\lumi none 
0.05% max. 
spl S 0.01% max. 
| others 0.50% max. 


FrREE-CuTTING Rop 
60 to 63% 


2.50 to 3.75% 


times its weight of pure copper and zinc. Obvi- 
usiv, it would be far better to start off with 
wot copper, zine and lead rather than surplus 
isting ingot if we need more free-cutting brass. 
lhe impossibility of “up-grading” by dilution is 
even more obvious in the case of other rolled 
brass products, where lead is ordinarily held to 
0.10 max. 

In the remelting of old scrap a certain 
umount of refining is permissible by an oxida- 
tion process (blowing the bath with air). This 
s most effective in reducing zinc; some lead 
ilso goes, but the iron, aluminum, and silicon 
stay. Blowing in a hearth furnace must be done 
vith care, for the slags are very corrosive and 
they carry off much valuable copper. Unfortu- 

itely lead stays behind more tenaciously, and 
leaded yellow brass cannot be up-graded much 
i the remelting furnace. Exceptions to this 
statement are the blowing of low lead brasses 
uto alloys similar to Navy “M” metal (88Cu, 
b'oSn, 142Pb, 4Zn) and into ingot suitable for 
vellow brass die castings, now being used to a 
ertain extent for munitions. 

Normally, when such high zine alloys are 
iandled by remelters they are balanced against 

gh lead bearing metal and sweetened with 

gh tin solder or tin ingot to make alloys of 
the 85°° copper, 5% tin, 5% lead and 5% zine 
lass. It is believed, however, that future col- 
‘ecllons will produce far more high zinc mate- 
il than can be disposed of in this way, and 
‘S prompt utilization will require smelting and 
‘eparating into its constituents. 

lhe problem of smelting the impure brass 
s mu ke the problem of smelting the even 
more ire metals originating in the second- 
ry i try. It can be and is done on a limited 
scale omplicated oxidation methods. It 

uld |» difficult to provide smelting capacity 
ry le surplusses on the order of 100,000 


tons a year. There are some alternatives, but 
they are wasteful of valuable metal. It is remi- 
niscent of the problem of handling the abun- 
dant copper-lead-zinc ores in the West prior 
to the discovery of differential flotation process 
for separating the minerals prior to putting 
them into a furnace. Blast furnacing the origi- 
nal ore was uneconomical despite many strenu- 
ous efforts to do so; usually, what resulted was 
a lot of zinec-lead fume, a sticky zincky slag, 
low grade copper matte and speiss, and some 
lead leaking through the furnace bottom. Even 
vet the problem of recovering all mixed values 
is very difficult. Zine at a lead or copper 
smelter is eliminated in fume (which is valu- 
able when caught) and in slag which is lost. 
Lead in a zine ore volatilizes with the zine and 
contaminates the spelter. Most lead in a cop- 
per smelter is lost with the zinc. 

Plant now exists wherein a considerable 
amount of brass could be bessemerized with 
copper matte in a smelter equipped with a good 
dust collection system; the lead-zinc fume is a 
de-graded by-product acceptable to lithopone 
makers*, and the metallic lead and tin remain- 
ing alloyed with the blister copper would even- 
tually lodge in the tank house slimes. One 
difficulty is that the large copper smelters are 
a long distance from the scrap centers; how- 
ever, there are at least three relatively small 
plants (say of 20,000 tons per year capacity 
each) in the East capable of doing such work. 


Conclusion 


Since typical large remelters normally ship 
at least one quarter of their alloy ingot to 
plumbing goods manufacturers, and since large 
plumbing goods manufacturers also buy scrap 
freely for compounding in their own foundries, 
vet at present only about one tenth of this prod- 
uct has any priority rating, it is believed that a 
quantity of “orphan” brass (high zine alloy) is 
to be anticipated. Especially will this be true 
after any intensified scrap collection. It is rec- 
ommended that a study be made of the problem 
of reclamation, which means separation of the 
metals to a purity consistent with excellent 
recoveries of the four valuable metals copper, 
zinc, tin and lead. Methods are available but 
plant capacity may be lacking. rs) 

*Rather than de-grade the product into litho- 
pone, it would probably be better to use fume and 
residues in electrolytic zinc and electrolytic solder 


manufacture. 
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BITS AND PIECES 





Metallurgicus’ Own Page 


grind, mill notch). So a series of cor 
tests was run, with the results show 


table. Special jaws had to be mad 








HY NOT a page in Mera Progress called testing machine, of course, but results lool 

“Bits and Pieces” or “Save the Scraps” or good enough to warrant subsequent u 
“Chips From the Metallurgical Log” or “Infor- round test bar for non-scientific wor 
mation, Please” or something, to print odds and material was cold drawn S.A.E. 314 
ends of laboratory results and improved plant round. It was quenched from 1500 to 
practices that would otherwise rest in some and drawn 1 hr. as shown. (METALLURGY 
notebook or even go unrecorded? 

For example — but the first example is Magnetic Inspection of Cylinders 
printed below, 

Contributions are solicited, nay urged! CYLINDRICAL PARTS, small ones like bear 
Mevrat ProcGress, | am informed, will reward the races, and larger, longer ones as well, cai 
author of each acceptable item with a book adequately inspected for metallurgical 
any of the books of the @ book list, other than formity by using a standard oscilloscop 
the Handbook. METALLURGICUS synchronous motor driving a_ suitable cl! 


and a scanning device consisting of a sim 


Cheap bod Test Piece electromagnet — an alloy bar surrounded by 
coil. In the test the part is first demagnet 

















d iO ad a problem in ane co merely, c CNnUCKeEdG ale oOlated a 
\ PEW YEARS AGO I had roblem in hand mpletely, next chucked and rotated at | 
which required a series of Izod notch-bar tests. speed around its axis of symmetry, and at 
However, the cost of machining the standard same time strongly magnetized so _ that 
Pa]  - ‘ 
flux extends outward from the surface ly 
45° u A010 Daw » , x =. . . 
x COT Ads a 2 tested. Finally this flux is explored by b 
ott Of Notch 7 : F ; 
— wine 1 2 ea t ing the electromagnet near the rotating p 
| Kg i . 
eee 5 } | a ) If there are any flaws, hard spots or 
+— 11/4" +e — 11/3" ere — 11/g°—ere 2 - defects in the piece, they will cause the | 
a 58" 7" Re ‘ netic field to vary, and such variations ind 
ge ‘ 
Vv ¥ . . " 
a voltage in the exploratory coil, whic! 
3-notch 0.394-in. square bars was _ prohibitive amplified and indicated by means of the os 
(remember the depression ?), while the 0.450-in. loscope. The test piece is rotated syn 
round 3-notch bar shown in the sketch looked nously with the cathode-ray sweep, so th 
very attractive for cost (rough turn, centerless uniform field is traced on the. scree is 
luminous straight line, but faults show 
; = the oscilloscope trace as dips. <A second | 
> ZOD, Fl RB, . 
TREATMENT Rock WELI on the screen acts as a reference lin 
HARDNESS ‘ al ties 5 , 
0.394 Sovane 0.450 Rounpb shows marks corresponding to SU al 
As received 20to 23 24.5-21-21.5  17-18-18.5 around the test piece. By this means 
Quenched, no draw C-55 2-2-1.5 1.5-2-1.5 can be spotted to within a few degrees. (' 
Drawn at 300° F. 93.0 3-4-3 9-3.9-3.9 Wittiams, Westinghouse Research Lal 
550 1) 6-8-6 5.5-5.5-5 . . : 
a ories, East Pittsburgh. 
650 14 10-10-10 10-9-10 gh.) 
750 12 23-22-19 20.5-21-21.5 
S00 39 37.9-37-37 41-41-41 Case With Controlled Carbon 
850 37 41-44-45 $1.5-40-39 
925 33.3 59-58.5-59 56-57-57 
1000 31 69.5-65-70.5 62-65-60 HiGHLY STRESSED alloy steel parts gi\ 
1075 25 76-74-80.9 77-89.9-82.9 high surface hardness without excess D 
50 ) 2: 85-88.5-92.5 89-96-98 . as . 
BIO9 (a = age , and corresponding low fatigue resista! 
1150 ¢(b) 23 87-86-91 88-94-85 : ; : : 
following manner: Carburize to corre ie 
(a) Water quenched from draw; (b) furnace cooled. whereupon the surface carbon is abot a 
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piece is copper plated for surface 
_and heated a little above the critical 
sh to diffuse the carbon inward and 
e surface to eutectoid structure (car- 
0.65%). Oil quenching such a piece 
much soft austenite that to acquire 
mum of Vickers 800 the quenched 
refrigerated in dry ice and alcohol, 
fully transformed structure is then 
(Sound metallurgy observed by Tut 
Epi n the ordnance works in Shangri-La.) 


Tank for Oil Quenching 


QUENCHING PRACTICE can be much improved 
by using large rectangular tanks, generous over- 
flow of oil and a swirling motion in the quench- 
ng liquid. A tank for a moderate sized furnace 
would be about 6x65 ft. deep and contain 1200 
val. of oil, thus having a high heat capacity. A 
wier, 6 in. lower than the top edge, occupies 
half the rear lip, giving ample space for surges 
r waves of oil to spill over into a trough leading 
to the circulating pumps. Oil enters in pipes 
forming a single closed turn; these are per- 
forated so the oil is jetted as shown in the 
sketch, setting up a circular swirling motion in 








f) a) da > 
CUUETX if =e ~ 
fortion Of Tank 
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wy ’ ; _Ui LOVEls i ] 
(in 7 4 
v le ] 
4 ; 
tr 4 | { 
S / Notches for | 
bq y nna ntir an 
nas Supporting Bars 
4 . 
Ait 4 
Ky 7 i i 
‘ UM CCUIBUON 
y 4 j 
1 4 Oi Supply 
no ¥ 5) Pipe with 
0 Series of 
r nr 
v4 - A veruca 
4 H NOZZIE 
Y/ N/o77/es 4 
4 UZ2Z | 
' 
a 
4 
4 





the entire tank. 
metal being quenched, and then across the top 
‘oward the overflow at the back, thus giving 


; 


hol and carburizing compound the _ best 


The oil sweeps up against 
rY 


in fall into the overflow. Much work 
Ss que ed by hanging on hooks or tongs from 
i Sing «i across the front of the tank. When 
me 1 Ss full it may be moved to another 


Otc] er the wier and replaced by another. 
UIEDERICHS, metallurgist, The Autocar 
ore, Pa.) 
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WELDABILITY 


of Substitute Steels * 


By A. B. Kinzel 


HE PROBLEM of predicting weldability has 

long been with us and has been particularly 
tantalizing in that if all the conditions were 
quantitatively known weldability could well be 
predicted. This applies particularly to the effect 
of the welding temperature cycle on the steel 
adjacent to the weld. 

A method for handling readily obtainable 
data on this phenomenon so as to arrive at a 
definite conclusion on weldability was proposed 
by the writer last fall in an article entitled “The 
Specification of the Weldability of Steels” in 
Research Supplement to The Welding Journal, 
October 1941, page 483-S. This method dealt 
with the universal case on a basis of absolute 
measurements and was necessarily complex. 

In dealing with a specific instance the 
method becomes relatively simple and quick. 
Such a specific instance comprises a steel being 
satisfactorily welded in a joint of specific geom- 
etry by a specific process and technique and a 
specific steel intended to be used as a substitute 
in the same application. In other words, results 
need be purely relative and comparative 

There follows a list of steps necessary to 
arrive at this comparison, In this list “standard 
steel” denotes the steel being regularly welded, 
and “new steel” that under investigation. 

1. Section the joint made in the standard 
steel and determine maximum hardness next to 
the weld by Vickers or Rockwell tester. 

2. Run a Jominy end-quench test on the 
standard steel after heating to 1700° F.. and 
determine the distance from the end at which 
the hardness is the same as that established in 
Item 1. (While the standard Jominy bar is pre- 
ferred, any bar of reasonable cross section, 
such as *4-in. square or 42 * 1 in. cross section 
may be used.) 

3. Heat three strips of the standard steel to 

Continued on page 136 
*A contribution to the Welding Research Commit 


tee’s Monthly Report, in supplement to the Journal of 
the American Welding Society, June 1942, page 286-S 
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More Aluminum for More Aircraft — More, More! 











FX ANDING AMERICA’S ALUMINUM 


CAPACITY 


BY 650% 


By Thomas D. Jolly 


Chief Engineer and Director of Purchases 
Aluminum Co. of America 


gPe=n PRESENT CONDITIONS, most of us 
have our noses so firmly pressed against 
ir own grindstones that our range of vision 
doesn't extend much beyond our own jobs. 
Because this is true in my own case, this address 
delivered before the National Association of 
Purchasing Agents) will not be a_ scientific 
paper but simply a recital of our experience 
luring the past two or three troublesome years 
in other words, some notes on the expansions 
i the aluminum industry and, in particular, in 
\luminum Co. of America. 

[wo months after the Munich conference 
it 1938, the Aluminum Co. of America initiated 
i study of its ability to meet any demand which 
might come from Britain or France, should war 
suddenly break out. A six-man committee, 
‘epresenting various departments within the 

mpany, was appointed. That committee made 
‘requent reports to the management as condi- 


ions changed throughout 1939. Based on these 
reports d disregarding both the large stock 
‘aluminum on hand and the apparent small 
“(urements of the armed forces of this coun- 
TY, We 1ugurated an expansion program 


h — . . 
ch, \ the additions since made to it, calls 


‘| expenditure of about $250,000,000 


of the company’s money. This expansion is 
now substantially completed. The various steps 
that led to its formulation are as follows: 

On February 12, 1940, the Russo-German 
economic treaty was signed, and on March 8 
we started construction of a plant to produce 
30,000,000 Ib. of aluminum ingot per year. A 
month later, Germany invaded Denmark, and 
on April 16, 1940, we decided to increase our 
new plant to 60,000,000 lb. capacity. 

On September 1, 1940, our National Guard 
units mobilized; on September 3 the Navy 
Department announced the transfer of 50 
United States over-age destroyers to Britain in 
exchange for air bases; while on September 14 
the compulsory draft bill passed. With the 
United States embarked on a defense program, 
we again increased the size of the new plant- 
this time to 160,000,000 Ib. of new capacity. 

Other aluminum metal-producing plants 
were expanded to the limit of the power avail- 
able, and two new hydro-electric power devel- 
opments were also started. Mining operations, 
ore refining and fabricating facilities kept pace 
with these increases in ingot-producing capacity, 
and continued to expand as the defense pro- 
gram developed. But both the funds and credit 
of any privately owned industry are limited, 
and by midsummer of 1941 it was quite obvious 
that no company could finance the full require- 


ment of aluminum. 
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On August 19, 1941, we signed a contract 
with Defense Plant Corp. (a governmental 
agency) to design and construct at cost, but 
without fee or profit to the Aluminum Co. of 
America, one ore refining plant and three alu- 
minum metal-producing plants. By a supple- 
mental agreement of December 12, 1941, we 
agreed to build two additional metal-producing 
plants, five in all. 

Months before any contracts were signed, 
we became convinced in our own minds that 
these additional government aluminum plants 
would have to be built and that we would have 
to build some of them. Accordingly we obli- 
gated the company for something over $16,000,- 
000 worth of equipment to be used in their 
construction. This enabled us to save many 
weeks; two of these metal-producing plants are 
now in operation; three others will come along 
in the very near future. We have now started 
on a new program for Defense Plant Corp. 
Censorship rules do not permit us to disclose 
the type, capacity or location of new plants, but 
we can say that we are building, for Defense 
Plant Corp., a total of 15 plants and that they 
are located in eight states. With our own pro- 
gram, this gives us a total of 35 major projects 
now under way. These bring our total acreage 
of floor space put under roof since January 1, 
1940, to 335 acres.* 

By May 2 of this vear, we had placed 108 
sub-contracts for Defense Plant Corp., only 
eight of which were negotiated; 400 bids were 


obtained for the 100 competitively awarded con- 


*The following statement was released on May 30 
by A. H. Bunker, chief of the Aluminum and Mag- 
nesium branch of War Production Board: 

“Three new Government-owned aluminum plants 
have started operations so far this month, a fourth is 
expected to begin production early in June and the 
entire first expansion program of seven plants. will be 
in productio. by August 1. All seven plants will be 
completed ahead of schedule. The first two were 
finished in six months, as compared to a normal build- 
ing time of 11 months. The plants will get into full 
production from 60 to 120 days after completion, 
depending upon size. 

“The completed plants are located in Oregon, 
Washington and New York. The Alabama plant will 
be completed next, followed by ones in Arkansas, Cali- 
fornia and a second plant in Washington, in that order. 
All were built for the Government by the Aluminum 
Co. of America, which also will operate the plants. 

“Plants in the second expansion program, also of 
640,000,000 Ib. annual capacity, will start coming in 
about December of this year. The flow of aluminum 
metal is expected to increase every month from now 
on until the early part of 1943 when the entire alumi- 
num capacity as planned by W.P.B. will be operating 
at its peak.” 
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tracts, and of course there are still « 


not closed. On May 2 we had 7920 m: Ngage 
directly on construction and had pl | 17,500 
purchase orders. 

Summing up: By the end of 1943, (+e Unite 
States’ annual production capacity alumi. 
num ingot will be approximately 2,1 0,000.09 
lb. —614 times its 1939 production. Each o 


several of the new plants will produce moy 
aluminum than the entire nation made at it 
World War I peak 
a pound available for civilian use! 

How much is 2,100,000,000 Ib. alumi- 


num”? It is sufficient to rebuild every railros 


and still there will not by 


passenger car in the United States three times 
vear. Or it could be utilized, were we not 
war, to put a 30-piece cooking utensil set 
every one of America’s 34,000,000 homes, with 
enough metal left over to make 5,000,000 miles 
of aluminum transmission cable of the typ 
used for the electrification of rural America 
It might help to understand the purchas 
and construction problems involved if we rath 
briefly review the processes employed in th 


production of aluminum. 


Chemical Purification of Ore 


We start with a mineral called bauxite 
which contains about 55° aluminum oxide an 
less than 7% silica. Bauxite is ground to a fi 
powder and digested in a hot caustic solul 
under pressure. The aluminum hydrate is dis 
solved in the hot caustic liquor and pass 
with it through a filter press, leaving the ins 
ble material in the bauxite ore, comn 
called “red mud”, to go to waste disposal 
liquor is then cooled and passes into large t 
where aluminum hydrate.is precipitated 
is washed to remove entrained soda, thick 
to remove excess water, then cak d 
shipped to the reduction plants as al 
(ALO;). This ore refining process req 
large quantities of pure water, steam, so 
and lime, as well as 2 Ib. of bauxit 
pound of alumina produced. 

The alumina, or aluminum d 


reduced to metallic aluminum in 
producing plants in long rows of « 
cells. The cell consists of a steel shell 
with carbon, which serves as_ the 
Electricity is led into each cell thro 
anodes suspended from above the ce! 
head busbars. 

In the operation of the cell, the 




















Is Edge-Trimmed, Sheared 
md Coiled Simultaneously 


solved in a bath of molten crvyolite, is 


| 
if 


sed by the passage of the electric cur- 


is found in commercial quantities 


way Greenland; however, we have 


this country for making a synthetic 


til 


| 


ch is the chemical equivalent of 
ite, and we can use either. At the 


additional electrolyte plants are 


so that we will be entirely inde- 


Greenland crvolite. 


iterial (crvolite) is first introduced 


When it has been melted by the 


ent, alumina is added to the bath 


CSS 


in it. The low voltage direct cur- 


es the aluminum oxide into alumi- 


vgen. The oxygen liberated during 


ombines with the carbon anode to 
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form gas, which escapes, while the aluminum is 
deposited on the bottom of the carbon-lined 
cell (the cathode) where it remains as a molten 
laver until tapped off. As the bath becomes 
exhausted in alumina, more alumina is added 
and the evcle of operation is repeated 

In the production of 1 Ib. of aluminum 
metal, 2 lb. of alumina made from 4 Ib. of 
bauxite is consumed. In addition, 10 kw-hu 
of electricity is required to separate the alumi 
num from the oxygen, and 0.75 Ib. of carbon 
electrode is burned. In fact, if we take into 
account all the materials used in the different 
steps, from the mining of the ore to shipment 
of metal, we find that 9 lb. of raw material is 
required to make 1 Ib. of aluminum 

Carbon electrodes are an important item 
They are made by forming a hot mixture of 
coal-tar pitch and calcined petroleum coke tn 
molds under hydraulic pressure. These elec 
trodes must then be baked to remove the vola 
tiles from the binding material, and afte 
cleaning they are ready for use. Such large 
quantities ol carbon electrodes are consumed 
in the aluminum industry that it is necessary to 
provide facilities for their manufacture nearby 
the metal-producing plants. 

rhe major item of consideration is, of 
course, electricity. For every dollar we have 
invested in plant and equipment at our large 
rennessee Works, for example, there is another 
dollar invested in the mountains in hydro 
electric plants and, in addition, we are drawing 
power from the Tennessee Valley Authority as 
well. To produce aluminum at the 2,100,000, 
000-Ib. rate in 1945 will require annually more 
electricity than was consumed in 1940 in 27 of 
the 48 states. Yes, the aluminum industry in 
one day will draw more current than a city of 
60,000 homes consumes in one year! 

Provision of this large amount of electricity 
has required considerable planning and invest- 
ment in power developments. Power comes 
from three main sources (a) company-owned 
hydro-electric plants; (6) hydro-electric plants 
owned by the government; (c) steam and wate 
power plants of privately owned public utilities 

It is interesting to look back and see how 
the conditions of supply have changed in the 
comparatively short time we have been engaged 
in this expansion program. It started before 
we even thought of serious shortages of mate- 
rials; then came the defense program and 


voluntary priorities on some materials, Then, 
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as defense plans developed, so did mandatory 


priorities —and, I might add, we can well 
appreciate the meaning of priorities, since the 
aluminum industry was the first to be placed on 
priorities! Then came allocations, restrictions, 
and prohibitions on the use of materials, and 
frozen price levels. 

At the outset, when only the expansion pro- 
gram of the Aluminum Co.’s own plants was 
involved, it was cheaper and quicker to expand 
existing plants (and, where possible, to build 
that 


could utilize the supervision and experience of 


new plants near old ones). In way we 


existing personnel. Today we are building an 
aluminum industry seven times the size of our 
peacetime industry and that spreads our per- 


sonnel pretty thin. 
New Sites in Populous Centers 


The first Defense Plant Corp. sites were 
selected four to six months before Pearl Harbor. 
The Oflice of 
recommended the general locations after a 


then Production Management 
study of markets, source of raw material, power 
and labor. The actual sites were then selected 
on the basis of accessibility, foundation condi- 
tions, and surroundings. Such a plan of selection 
is no longer feasible because of the enormous 
quantity of power required and the shortage of 
materials. It has therefore been necessary to 
locate the new plants so as to consume the 
least possible amount of copper in transmission 
lines. This is contrary to the old theory that it 
is best to locate aluminum plants in sparsely 
settled areas where a plentiful supply of power 
is available at low prices, the power being 
cheap principally because there are few if any 
customers. Under present conditions, there is 
a greater amount of power instantly available 
in the large metropolitan districts than in 
any other, and that is where the new electro- 
Since it 
has been oflicially released, it is all right to say 
that the largest aluminum metal-producing 


metallurgical industry is being built. 


plant in the country is now under construction 
about ten minutes by automobile from the 
Waldorf-Astoria hotel in New York City. 

A unique feature of this plant will be its 
pure silver busbar and silver-wourd transform- 
ers. The Conservation Branch of W.P.B. solved 
our copper purchasing problem by arranging 
this substitution. The government-owned 


metal-producing plants require about 36,000 





tons of copper busbar. If we add t 
ments for light and power wiring, 
other miscellaneous uses, this becon 
too much copper for these days of | 
tary demand. On the new program 
Treasury will loan Defense Plant 
silver from the vaults at West Point 
fabricated by the copper companies a 
to us ready to install. Present plans . 
use of about 13,000 tons for heavy b 
the end of the emergency it is to be r 
the Treasury.* 
Before the 
started building for the government, w 


Aluminum Co. of 


that it would be necessary to standard 


equ 


rs 


e | 


W 
ship} 
lor t 
il 


inne i] 


Lill¢ 


de¢ q 


eb 


ings and equipment as much as _ possibk 


order to complete our construction and ob 


production as soon as possible. 


big dividends, not only on our work, 


This has ps 


but 


spread out and benefited many people 


never heard of us. 


For example, we hav 


chased since January 1, 1940, 175 cranes | 


one crane manufacturer, all of the same s 


and capacity. 


The only change in specifica! 
e Pe J 


for any of these cranes was on a few motors 


run on 50-cycle current. Thus, the crane buil 


was able to set up a production line, and cla 


D0° better efficiency than if he had the s! 


filled with cranes built to miscellaneous sp 


cations. Likewise the foundries supplying « 


ings and all of the other suppliers were abl 


produce more because of the duplication. 
We bought 72 buildings from the same s! 
drawings, but the most interesting duplical 


is in one of the powerhouses, where w 
85,000 kw. more power. 


need 


No amount of s! 


ardization will obtain quick delivery ot! 


35,000-kw. steam-driven turbo-generators 


were to be supplied with temporary powe! 


we could get a steam power station in opera! 


but because of the long (Continued on 


*EpitTor’s Nott The idea of utilizi 
the U. S. Treasury’s hoard of 85,000 to 
silver” for the massive busbars conducti! 
voltage current to aluminum and magnes! 
the new government-owned plants apparent! 
to several engineers more or less simultans 
instance, it was contained in a memoranda 
conservation of copper dated Nov. 12, 
Eprror and addressed to the Metals Cons 
Substitution Group of the National Acad 
ences. The idea was apparently much 
able to engineering than to Treasury 
experts, for not until mid-May were the dé 
arranged for a loan of up to 40,000 tons « 
then after insistent efforts of Harvey A. 
the Conservation and Substitution Bran¢ 


\ 
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ELECTROLYTIC POLISHING 


TH 


OF BRASS 


AND COPPER 





By G. J. Foss, Jr. 


Lieutenant (junior grade) U. §. N. R. 
and Larry Shiller 
Ass't Mechanical Engineer 


Metallurgical and Testing Section 
Naval Gun Factory, Washington, D. C. 


INCE the introduction of the lend-lease pro- 
gram and our preparations for the war in 
ch we are now engaged, many civilian indus- 
ries have begun production of brass cartridge 
Some of the companies so 
little 
It is, therefore, timely to 


all sizes. 
had 


rass me tallography. 


ses of 
gaged have or no experience in 

ew one of the best and simplest processes 
electrolytic process —for preparing a car- 
dge brass specimen for metallographic exam- 
n the conventional method of preparing a 
men for metallographic examination 
material is first cut to size and usually 
inted in a plastic mold. The specimen is 
fully filed the 


edges produced by milling or sawing, 


to remove cold work 


at ibbed on a series of polishing papers 
su n ending with a 000 paper, either 

ated with soap or graphite. Finally 
espe ns are polished on wet, cloth-covered 


which suspensions of various grades 


n oxide or sifted magnesium oxide 


ind method requires considerable 
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skill and time, and leaves a layer of flowed 
metal with non-uniform etching characteristics, 
particularly when the metal is soft. Further, 
the size and shape of the specimens are usually 
limited by the size of the plastic mount and by 
the fact that of odd 


shapes cannot steadily 


specimens 
held 


against the wet, cloth-covered wheels. 


unmounted 


be conveniently 


In the electrolytic polishing method the size 
and shape of the specimen can vary consider- 
ably, depending upon the range of the meters 
rheostats the 
If the surface is smoothly filed after 


and and direct current source 


available. 
milling or sawing, the electrolytic polishing will 
all of 
been mechanically worked. 

Technical details and the theory of elec- 


remove traces surface metal which has 


trolytic polishing have been described by P. A. 
. Jn * (summarized in 
Procress for December 1939, 7/l, 
We have satisfac- 


JaAcQuetTT and ELMORI 


METAL 
and January 1940, page 55). 


page 


torily used aqueous solutions containing 25 to 
55° of commercial ortho-phosphoric acid (85% 
H,PO,) as the electrolyte. 
the successful bath and the electrical circuit used 


The arrangement of 


This article has been read and approved for pub 
lication by the Bureau of Ordnance, Navy Department, 
Washington, D. C. those 


Opinions and assertions are 


of the writers, and are not to be construed as official 
or as reflecting the views of the Navy Department. 
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Simple Set-Up of Electrolytic 


Rheostat, Milliammeter and Switch, and Voltmeter to 


at the Naval Gun Factory is shown in the photo- 
graph above. 

For best results the surface to be polished 
should be horizontal. Some investigators have 
that the 


above and parallel to the anode surface being 


indicated cathode surface should be 


polished, but our investigations indicate that 
the position of the cathode does not particularly 
influence the results. A vertical cathode of the 
general shape of the dish containing the elec- 
trolvte may be used; such an arrangement 
facilitates the removal of the specimen from 
the bath. 


ls to 2 in. from the anode and should have at 


The cathode should be located from 
least 10 times the surface area. Both anode and 
cathode can be made from brass or copper. 
The sketch shows the general form of the 
current-voltage curve for an ortho-phosphoric 
It of 
Up to point C, metal is removed from 


acid solution. consists several distinct 
sections. 
the anode without any noticeable brightening 
to C’ 


in current occurs, and anodic brightening begins, 


of the anode. From C€ a noticeable drop 
From C’ to D anodic brightening continues with 
very litthe change in current density, but con- 
At D the current 


increases sharply with little change in voltage 


siderable change in voltage. 


Polisher, Showing Cell (4-In. Dish) 
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Aa. 
Rheostat 








With 
jeross Cell 


in Series 


Veasure Potential 


and a noticeable evolution of gas. 

adhere to the anode and protect it fro: 
anodic action, leaving the surface n 
numerous unpolished points or dots 
At current densities about 10 times tl 


sary for anodic brightening without ga 


gas bubbles are produced so rapidly and | 


quantity that they do not adhere to the sur! 


It must be remembered that the volta 
not the current is the controlling facto: 
For 


agitated solutions with electrolyte 


electrolytic polishing process. 


tions of from 55 to 25°: ortho-phosp! 
at room temperature, a copper anod 
sq.cm. and a horizontal cathode 
anode, the voltage ranges for the vari 
on the curve are approximately as fo 

Cc 0.7 to 1.0 volts 

c 1.1 to 1.3 

D 1.7to2 

When the solution is new some 

encountered in holding the voltage at 
value. However, as soon as the elect 
tains some copper in solution and i! 
greenish-blue tinge, the solution bec 


stable and better polishes are obtain 





tion, a bright surface is again obtained 


( 

















raised 1 ipidly 


incre the current-voltage 


displaced toward the left and 


ases, 
be 
oltage decreases. Current density 
decrease. Some metaliographers 
» the voltage just below point D. 


id some difficulty in keeping the 


hav 
de f rom bubbles, and polishing sur- 
2 without points or dots appearing 
relief rfaces without these dots in relief 
we be tained if polishing was done at 

ir pe although a slightly longer time 
iv be! red. 

\fter the cell shown has been used for 
veral is, a satisfactory polish of either 
iss or copper specimens is obtained if the 


Faster and bet- 
! results can be the 
to that required for 


ltage is held at 1 to 1.1 volts, 
obtained if voltage is 


polishing, 


nd then held constant. It is important to deter- 
ne a current-voltage curve for any particular 
lution-concentration and any particular set-up 
the electrodes. Agitation of the electrolyte 
r anv reason while the cell is in use will 
erally cause the voltage to drop and vary 


filtered 


accumulations of metal 


solution must be 


The 


remove 


siderably 
sionally to 
cles which have not been dissolved in the 
tion or deposited on the cathode. 

After 
rlant to remove it promptly just before the 


a specimen has been polished it is 


If the specimen is not 


s switched off. 


. é ~ 


rrent 





raph of Electrolytically Polished and Electrolytically 


men of Annealed 70-30 Brass: 


July, 


Magnified 75 Diameters 





Current 














O/tage 


Greneral Form of Current-Voltage 
Electrolytic Polishing of Copper or 
Solutions of Ortho-Phosphori 


Curve for 
Brass in 


iqueous \cid 


rapidly removed or if the current is turned oft 


first, a back electromotive force is set up which 
sometimes causes copper to plate out on the 
This copper can only be removed by 


time. 


specimen. 
repolishing in the solution for a_ short 
Any whitish film remaining after 
dilute solution of 


washing and 


drying may be removed by a 


ortho-phosphoric acid. 


Preliminary Smoothing in HNO, 


It has been customary to prepare specimens 
for electrolytic polishing in the same manner as 
one would prepare a specimen for polishing on 
wet wheels. In general, the finer the surface 
the shorter will be the time necessary to produce 
a satisfactory sample for micro examination. 
Usually 10 to 15 min. 
trolytic polishing after a specimen has 


of 000 


is suflicient time for elec- 


been worked down to a piece 
paper lubricated with graphite. 

In an attempt to shorten the time, 
specimens were dipped in aqueous 
nitric: acid solutions of various concen- 


trations, for various times. Specimens 
were prepared for acid attack by slowly 
drawing them over a new and clean 
mill-smooth file to flatten and to remove 
previous cold work from the surface to 
be examined. Specimens which were 


swirled about in a 40° nitric acid solu- 
30 to 
face up and horizontal were found to 
be the After 


electrolytic specimen is 


tion for 15 sec. with the filed sur- 


most desirable. 15 min. of 
polishing the 
ready to be etched. The specimen whose 
structure is shown herewith was pol- 
ished in this manner. 
(Continued on page 98) 
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HARDENABILITY OF STEEL CALCUL? TEp 


FROM CHEMICAL 


COMPOSITION 


From Remarks Before S$ Tri-Chapter 
Meeting (Cincinnati) 


By Marcus A. Grossmann 
Director of Research 
Carnegie-Hlinois Steel Corp. 


HE DIAGRAMS in the data sheet, page 81, 

adapted from the paper on the above sub- 
ject before the February 1942 meeting of the 
American Institute of Mining and Metallurgical 
Engineers, illustrate one way in which harden- 
ability may be calculated from chemical com- 
position with a fair degree of precision. A 
definite steel is given as an example: Grain 
size, 7; carbon 0.50°, manganese 0.90%, silicon 
0.10%, phosphorus 0.020%, sulphur 0.029%, 
nickel 0.28%, 


0.05°C, copper 0.05%. 


chromium 0.30%, molybdenum 


In the proposed method, the steel is con- 
sidered as having a base hardenability due to 
its carbon content alone, this base hardenability 
being the hardenability of a pure steel of the 
given carbon content, containing no other ele- 
ments whatever, and of the given grain size. 
The base hardenability is read directly from 
the curves in the upper left diagram in the data 
sheet. The derivation of these curves from the 
available experimental data is shown in some 
detail in the A.I.M.E. paper mentioned above. 

In the given steel the base hardenability 
is drawn from the curve in an obvious way at 
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point A and is 0.24. This represents D 
“ideal diameter”, that is, the size of bai 
will harden at the center to a 50% mart 
structure when its surface is instantly 

to 70° F 


This, of course, is a hypothetical quench 


. in the so-called ideal or perfect q 


a pure iron-carbon alloy is also a hypoth 
material; nevertheless, the fiction of ideal d 
eter D, has proven a useful basis for com 
tion and comparison of the hardenabilit 
various carbon and alloy steels. 

This base hardenability is multiplied 
factor for each chemical element present. | 
if manganese is added to the extent of 0." 
Mn, this much manganese introduces a 
plying factor of 4, noted as point B in th 
dle left diagram in the data sheet. This m 
that the diameter of bar which will just ha 
all the way through is four times as grea 
when no manganese is present. In our exa 
a steel of grain size 7 containing 0.40 rl 
and 0.90° manganese, and nothing else, 
just harden all the way through in cle 
quench in a size 0.24 multiplied by 4 
As I park 


above, “harden all the way through’ m 


0.96 or nearly 1 in. diameter. 
that the microstructure at the center « 
would be 50° martensitic. 

The further addition of 0.10 sili 
duces a multiplying factor of 1.10 (p 
the same diagram), so that a steel 
all three of these elements, in the 
stated, would just harden all the wa) 
Continued on page 124 


















lardenability Caleulated From ¢ ‘omposition 


By Marcus A. Grossmann 
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Metal tacts... Organized 


for Production Victories 


American industry...in the rush of convert- engineering staff and field service men. The 
ing its plants to war production...needs recent experiences in many plants, the 
much new information about alloys. Such practical knowledge of ways to overcon 
information...detailing the selection, fabri- shortages of materials, makes them espe 
cation and uses of ferrous and non-ferrous ally helpful during wartime. 

Nickel alloys...is available promptly from Nickel...and information about Nic! 
our files of technical reports and shop guides. »+- goes wherever they best speed Victo 


pradurtion, we aifr the asistanee of oor Wtefheetl— 
THE INTERNATIONAL NICKEL COMPANY, INC. xew vorx, » 
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CRITICAL POINTS 


ps USSING with RoLtLanp C, ALLEN, deputy 

chief of the Iron and Steel Branch, W.P.B. 
ind past president, American Institute of Mining 
ind M illurgical Engineers) the current large 
\pansion of blast furnace capacity, and recalled 
that in the early days of O.P.M. he was insistent 
that shortages in serap and pig iron would nullify 
iy large expansion in openhearth steel capacity. 


4 Well-known events in recent history have proved 
his point, and caused the somewhat tardy adop- 

tion of his program to dig up 

more pig irom all the scrap possible while 

from 12 new building necessary blast fur- 

t blast furnaces naces to make pig iron when 
the scrap supply was drying 

) \s of Jan. 1, 1941, our rated annual capac- 

y for the production of pig iron was 56,522,370 net 

- ns, over and beyond the charcoal iron and the 


erro-alloy furnaces. A year later, Jan. 1, 1942, il 
vas 59,211,850 net tons. So the average for 1941 


is about 97°, million tons capacity from which 
wctually produced 56 million tons of pig iron, 
perating efliciency of 97 ... ALLEN lists the 

w construction for 1942 as in the table below. 
lwelve more new furnaces with an annual capacity 


£886,000 net tons will be blown in during the 


st half of 1943, and another million net tons 
ipacity will be added by various enlargements, 


Blast Furnace Program 


ANNUAL CAPACITY 
COMPANY GOVERNMENT 


By the Editor 


relinings, and the use of sinter instead of raw ore. 
This will give a capacity of almost 69 million tons 
by the close of next vear. If the 97 efficiency ot 
operations reached during 1941 is equaled, we can 
expect to get about 59 million tons of pig iron in 
1942 and at least 64 million in 1943. Reference to 
ArTHUR G. McKee’s article in Merat ProGress tor 
December 1941, page 918, shows that these figures 
almost exactly agree with his estimates of raw 


materials to be available. 


NOTED that Mr. McKee, in his article in Merat 
ProGcress, had in mind a serious shortage in 
scrap, and he estimated that these enlarged pig 
iron supplies would scarcely enable us to melt 
50,640,000 tons of steel ingots in 1942 and only 
regain the 1941 production of 83,000,000 tons by 
1943, vet hopeful that these figures are too pessi- 
mistic, for steel production dur- 

scrap steel ing the first half of 1942 is 
sll «hort already at the rate of 85 million 
tons. More iron is being reduced 
from ore in the openhearth, as recounted at the 
\.I1.M.E. conference reported in Metat ProGress 
for May, but the great drive for steel scrap 1S 
scraping the bottom of the bin. So would not be 
surprised at a lower openhearth production in the 
coming months, requiring all ASMembers to 
redouble efforts to make the available steel 
go further by producing less scrap in mill, 


forge and machine shop 


\ND COMPLETION Dati FINANCED FINANCED 
alge bsg (April) $40,000 — TOP the inciliclency you know about 
h Coke & Iron (Julv) 144.000 before you begin to worry about the 
\rmeo (August) 132,000 inefliciency you hear about! 
ited (August) 995 000 
No. 2 (September) 390,000 ~*LAD TO LEARN that the National Acad 
a or. aan emy of Sciences has formulated a War 
Steel Co. (November) 860.000 Metallurgy Committee to advise the Army, 
& Steel Co. (December) 132.000 Navy and other government agencies on spe- 
: | (December) 266,000 cial metallurgical problems, and to plan and 
steel (December) 300,000 supervise definite research projects for either 


_ 


innual capacity 
of old furnaces in 


ae t 952.650 
m new furnaces 3,180,350 
isting furnaces 700,000 
1, 1942 59,211,850 
Jan. 1, 1943 63,092,200 net tons 


133,000 net tons 


war materials or armaments, and hopeful 
that such work may get under way without 
further delay, for in such matters as armor, 
guns and projectiles am convinced that it 


would be better for us to discover the new 
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alloys and treatments and 
wanted: better surprise Hitler than vice 
metals lo versa, ‘I he \cademy’s 


fight hitler existing Advisory Commit- 
tee on Metals and Minerals 


has already responded to 115 requests from the 
Oflice of Production Management and the War 
Production Board in the past 18 months; these 
were principally on sources, substitutions and 


increased product ion oft 





ing furnace?” Tool hardeners’ troubles 

the volume changes when ductile aust 
forms to hard, brittle martensite, a: 

sure that this occurs during the qu c 
insists that the tool be cooled to wher 
handled bare handed. If your hard 
date and must leave at five o'clock an 

is not vet that cool, let the watchman 

the draw furnace rather than temper 

partly transforme 

A\lso recalled 





Strategic materials. What is 
needed now 1s information 
on better ways to handle 
and use the available met- 
als, and such problems ordi- , 
narily require research. om 7 idle 
Hence the new committee. 
CLrypE WILLIAMS is. chair- 


man, ZAY JEFFRIES is vice- 





chairman, and Louts JoRDAN 


BF A serious bottleneck 
in heat treating capacity 
exists. Reportimmediately 
furnaces to 
Bradley Stoughton, 4520 
Social Security Bldg.. 
Washington, D.C. @e 


CHANDLER of Vana 
is fond of pointin 
expansion at th 
varies with the al 
ments, and that things 


punches, chisels a 





piercing shot work best 
have the least inte: st 
when made of an alloy 





is executive secretary. 

These three and 23 well-known metallurgists and 
research directors on the committee will certainly 
know how and where to study the problems, if the 
various government agencies realize that they have 
metallurgical problems needing study and ask for 
help. Do they know that they don’t know? 


NFORMATION of no aid or comfort to the 
enemy from Admiral H. L. Vickery, U. S. Mari- 
time Commissioner: “Some of the bombs used 
early in May in the Battle of Coral Sea were trans- 
ported to the Allied bases in ships whose keels 


were laid since the Jap attack on Pearl Harbor.” 


O THE OHIO Tri-Chapter Meeting at Cinein- 
nati which considered NE steels, mostly, and 
Which warranted this wire from DoNnatp NELSON 
no less): “The problem of making the fullest use 
of National Emergency steels is of vital importance 
to our war production program and I am confident 
that all of you will bend every effort to help the 
nation to make the most elTective possible use of 
its critical metals in this emergency.” One 
other topic was considered, and that was toolsteels 
without vanadium. Howarp Sraca, assistant man- 
ager of Halcomb Steel Co., believed that well-made 
steels of this sort would cause no more trouble 
than the change from 18-4-1 to the molybdenum 
high speeds. When the new 

heat treater steels are adequately marked 
— mind and recognized, and quenched 
that quench from the recommended lower 
temperatures, most users will 

not see any difference. Pleased also with StaGe’s 
insistence that the quench is the most important 
and difficult part of heat treatment, vet oftenest 
honored by neglect. He asked, “Did you ever see 


a tool crack in the preheating, heating or temper- 
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heat thereof that has a1 
mum expansion during transformation. T! 


erty is easily susceptible of test 


P BETIMES, and spent a reluctant h 

tin cans, removing paper covers, ref! 
remnants of contents and bottoms t] 
acquiring a wound stripe on dexter arm 
to wondering how the detinned steel she: 
be handled by the steel industry. Metal & TI 
Corp. has long operated detinning plants 
industrial centers, thus recovering abou 
the tin used for tinplate from the clean « 
from can manufacturers. Five years ago t! 
company started plants for treating 
cleaned and shredded after collection 
the Government is planning to finance ol! 
in populous centers where great numb 

can be readily g 

can tin scrap Possibly sot 
solder can bh 
off, but the d 
product has contained about 0.25 of bot! 
and lead. Even though diluted with f 


make good steel? 








scrap and melted in an openhearth fur! 





doubtless will constitute a nuisance, both 





to penetrate the hearth, and as fume to p 
..Who has definite infor 


amounts that can be tolerated in_ ste 





checkers.. 






various grades? Or should the bundled 





and there’s perhaps a million tons a y 
sight preferably be fed to the cupola 
Wittarp of Nassau Smelting and KR 
New York City, is studying this sub}: 
National Academy of Sciences’ Advisor) 
tee to W.P.B., and would welcome ! 


about tolerances of tin in steel and fou 









ucts and of experiences in melting la! 





cto 





tions of tin cans in the charge. 








TH 


OF THE 


CUTTING FLUID 


By Milton C. Shaw 


Research Department 
Cincinnati Milling Machine Co. 
Cincinnati, Ohio 


. 1 PTING FLUID can be defined as any 
; solid, liquid or gas applied to a cutting tool 
rder to control the quality of the surface 
wluced or to facilitate the removal of metal. 
ss power will be required, the tool will be 
cooler, tool life will be increased, and 
iv other advantages will be realized by the 
of the proper cutting fluid. 
Not much has been written concerning the 
damental nature of its action. The general 
ef has been that cutting fluids are helpful 
use of their lubricating ability. It should 
e be evident, however, that the conditions 
¢ during the removal of metal are not 
mainte- 


dl e to the establishment and 


hvdrodynamic film. The extremely 
4 pressures and local temperatures reached 
netal cutting, together with the geometry of 
culling process, preclude any chance 
drodynamic film. Hans Ernst has 
\ his contribution on “Physics of Metal 
the @ book “Machining of Metals” 
Ss generally no gap between the chip 
rk extending beyond the tool point. 
e chip closely follows the surface of 
mits very point, and contact between 
ol is in the form of a great number 


idges which produce a labyrinth of 
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CHEMICO-PHYSICAL 


ROLE 


capillaries. Large capillary forces are therefore 
available to draw the cutting fluid into the zone 
of action. Consequently the action is not akin 
to hvdrodynamic lubrication but belongs to that 


called 


(The word 


large class of problems unfortunately 
problems of boundary lubrication. 
lubrication naturally conveys the idea of a 
hydrodynamic film, but no such film exists in 
boundary lubrication.) 

work has been 
done during the past field of 
boundary lubrication, and Orro Beeck has writ- 
ten an excellent review of the subject in Journal 
of Applied Physics, July 1941 
Merat Progress for November 19141, page 808). 


The field of boundary lubrication is generally 


A considerable amount of 


decade in the 


(abstracted in 


understood to include all problems involving 
the reduction of the resistance to sliding, expe- 
rienced by rubbing surfaces which make direct 
contact, and it can be divided into four main 
tvpes corresponding to the four possible com- 
binations of high and low pressures and surface 
temperatures. 

Bowpven and Tasor found from conductivity 
experiments that all of the deformed surface 
between two sliding bodies had been in contact, 
and therefore they favor a plastic theory of con- 
tact over an elastic theory. (See Proceedings of 
the Royal Society for 1938, 391.) Lhe 


pressure developed between two sliding sur- 


pax 


faces is a constant for any given material and is 
equal to the hardness of the metal. The pres- 
sure developed in metal cutting will be greater 
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than that developed in the sliding of the same 
materials because the cut material will be 
almost completely work hardened, and the 
apparent hardness will be further increased 
when the cutting speed is a significant fraction 
of the velocity of propagation of stress in the 
material. 

In the light of recent investigations, it 
appears that the chief requisite for an effective 
fluid for the two low temperature types of 
boundary lubrication at high and low pressure, 
is that the compound be highly polar and capa- 
ble of being strongly bonded to the surfaces. 
(A different mechanism is necessary for the two 


high temperature types of boundary lubrica- 


tion, since a physically bonded surface layer 


would be incapable of withstanding the very 
high surface temperatures involved.) As a 
result of experiments conducted in the Research 
Laboratory of the Cincinnati Milling Machine 
Co., it has been shown that, under the high pres- 
sure and surface temperature prevailing at the 
chip-tool interface, certain fluids will react 
chemically with the metal being cut, forming 
reaction products between the sliding surfaces. 
These reaction products, usually organo-metal- 
lic compounds or metal salts, are generally 
solids, and are thus capable of withstanding 
much higher temperatures than liquids. Metal 
compounds usually have much lower shear 
strengths than the corresponding metals, and 
hence the cutting force will be considerably 
lowered if metal-to-metal contact is reduced by 
the formation of such a metallic compound 
between the sliding surfaces. 

In addition to temperature and pressure, a 
third variable should be considered in the clas- 
sification of boundary lubricants. This third 
quantity is the amount of fresh or nascent metal 
surface produced, for it will have an important 
bearing upon the chemical reactions just men- 
tioned. In ordinary “sliding boundary lubrica- 
tion” the amount of fresh metal surface formed 
will be small, since the actual area of contact is 
small due to the relatively low loads involved. 
From a practical point of view there is always 
some metal-to-metal contact and subsequent 
welding, followed by rupture of the bridges thus 
established. Beare and Bowben reported in the 
Transactions of the Royal Society for 1935 
(page 329) that abrasion was found even when 
the best boundary “lubricants” were used.* The 

*A review of the work of BowbeEN and his associ- 


ates on sliding, friction and vibration was printed in 
Meta. ProGress for April 1940, page 435. 





quantity of the highly reactive surfac 

will increase with the applied load, a 

a maximum in the case of metal cut $ 
all of the cut surface is nascent at t! $ 
it is ruptured. 

It is thus clear that cutting flu 
occupies a small portion of the hug 
boundary lubrication. Extreme pressures 
to the maximum hardness of the m 
peratures up to the melting point of { 
and a maximum of newly formed a: 
reactive chip surface are involved. 
appears that the only type of mechanism f 
ble in cutting fluid action is one in w h 
fluid reacts chemically with the newly for 
metal surface to form a solid chemical prod 
The writer has called this mechanism “che: 
physical” because the action is initiated |} 
chemical reaction between fluid and nas 
surface, and is followed by a decrease i; 


tional resistance, due to the relatively | 


shear strengths of the metal compoun¢ 
the work material. 

In the course of a fundamental inves! 
tion of cutting fluid action we studied the efi 
of mixtures of benzene and _ n. decano!l 


cutting aluminum at very low cutting 


An interesting phenomenon was observed 
is readily explained in terms of the chi 
physical theory of cutting fluid action, but 
would be very difficult to explain on any 
basis. For this reason a short descrip! 
this phenomenon may serve to illustrat 
working of the foregoing theory. 

The manner in which the tests we! 


is shown diagrammatically in Fig. 1. A 


mNONeN 
+ c Ae 
- , 











—— — 


uu em _ — ——— ~ 


Fig. 1 Experimental Set-Up for Estim 
Required to Remove Chips From an Alum 
Slow Speed, by Measuring Deflection of 
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listill 


A 





aluminum work block using a Fia. 


. rr > Io ; ? ~f 
steel cutting tool. Tests were the Periodic Rough Surface . 
vy low cutting speed of Produced When Lubricated f \ \ 
. Ay oO ; ‘ ¢ | - ee ; 
¢ " mr S P With 3% n. Decanol in Benzene aie \\ 
min., and the depth of metal 
vas 0.005 in. The space between \ ) 

; aoe \ we 
work piece was kept filled with tting \) atthe) 
by a dropper. The force neces- Ic on 

a y | 4 VC ‘ee * vs ’ 
nove a chip was measured by a YY PECX@!@!#!@u/ /UM@¥}0097 
v calibrated dial type indicator | 
he deflection of the tool holder CLL: Mises WM 
f 0.0001 in. aie 
work piece was a 3X114-in. bar 9 P P 
ercially pure aluminum. The n. | | _ 


ind o. xylene used in this investi- 
ere fractionated before using in a 
yn apparatus with an efficiency of 
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oi FU LL Y 
Dennrentane nm TDerann 
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“Cc 


) Variation in Cutting Force and 
irance of Chip When Cutting Alumi- 
With Mixtures of Alcohol and n. Decanol 


ne theoretical plates. The benzene used 
srade and free of thiophene. 
il mixtures of benzene and n. decanol 
pared and tested as described above, 
iriation in the cutting force using mix- 
ging from pure n.decanol to pure 
s plotted in Fig. 2. The cutting force 
ponent of the resultant force on the 
lel to the direction of cutting. The 
hip obtained in a 3-in. cut is shown 
concentration of each mixture used. 
vious tests it has been found that chip 
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3 Drawing of Chip and a a tan 





length and chip thickness vary with the cutting 
fluid. An effective liquid causes a low coefficient 
of friction and produces a long thin chip and a 
good finish, while a less effective fluid gives a 
shorter, thicker chip and a poor finish, The 
gradual change in chip appearance with the 
change in concentration of the active ingredient 
is clearly illustrated by the chips in Fig. 2. 

Below a concentration of 7°¢ by volume of 
n. decanol in benzene, the chip produced was 
not at all uniform. Its thickness varied periodi- 
cally along its length and, on closer examina- 
tion, the finished surface was found to be 
alternately rough and smooth with a period 
corresponding to the variation in thickness of 
the chip. The cutting force likewise fluctuated 
periodically throughout the progress of a cut. 
This phenomenon first appeared at a concentra- 
tion of 7° n. decanol in benzene, was most pro- 
nounced at 3° and finally disappeared at a 
concentration of 1% 

An enlarged drawing of one of the chips 
and of the corresponding surface produced with 
a concentration of 3° n. decanol in benzene is 
shown in Fig. 3. Maxima and minima in the 
cutting force are indicated and related to the 
periodic rough spots on the surface. A time 
scale is included and it can be seen that the 
period of fluctuation is about 6 sec. Photo- 
micrographs of the rough and smooth portions 
of the surface are shown in Fig. 4 and 5. 

fests were also made in which o. xvlen 
was used in place of benzene and a similar 
fluctuation of cutting force was observed in the 
same range of concentrations. 

rhe periodic variation of cutting force, chip 
thickness and surface smoothness described 
above can be explained readily in terms of the 


chemico-physical theory of cutting fluid action 
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It is believed that these phenomena arise high surface temperature and force, to prod 


from a critical relationship existing reaction product for effective cutting fl 
between the surface temperature, the thus decreasing the frictional resistance a; ' 
pressure, concentration of the active ting force. At this reduced cutting force, | surfe 
ingredient in the mixture and_ the temperature and area of contact are decressed. y 
amount of reaction product. It is reason- thus the quantity of the chemical product med 
insuflicient for effective cutting fluid action: refor 
the force and surface temperature once mor creas 
This evele will be repeated periodically. 
The fact that the period of the flu at 
described above is as long as 6 sec., and c sp 


in this experiment to a tool travel of abx 
eliminates any possibility that this phenomenon js d 
to chatter or to any other periodic variation of 
mechanical system. 

A few tests were made with o. xylene as the s 
vent in order to ascertain whether the rate of evapor 
tion of the solvent would have any effect upon | 
observed fluctuation. Like benzene, 0. xylene is a p 
cutting fluid, but it is much less volatile than benz 
The fact that the same period of fluctuation y 
observed when o. xvlene was used in place of benz 


shows that this effeet 





independent of the \ 


Fig. 4 (above) and 5 (below) Vicrographs Respectively of Rough atility of the sclvunt 
and Smooth Portions of Aluminum Surface, Magnified 25 Diameters 
Although the f 


going phenomeno 
able to expect that a cer- only one of many sig 
tain minimum quantity of nificant results obser 
reaction product of low in our fundame 
shear strength will be investigations of « 

required to produce an fluid action, it is wor 





appreciable reduction in of special n 


the coetlicient of friction because it is unig 


between chip and tool can be exp! 


and consequently a notice- terms of the 


able improvement in fin- physical theo! 


ish and a decrease in described; th 
trates well thi 


of this theorm 


this example 


cutting foree. At a criti 
cal dilution of the active 


ingredient, the rate of 





production of the reaction no immediat 


product falls off rapidly; tion in the e 





consequently, the cutting force rises sharply as culting of metals, it is not presented 
at Point A in Fig. 2, where the cutting force standpoint, but rather as anothet 

increases suddenly with a slight decrease in finding in the study of metal cuth 
the concentration cf n.decanol. When a slight mentals — a study which is being P 
change in concentration causes such a large many fronts, and which, as in the 

change in cutting force, one may expect to find continue to improve basically the p! 
a state of instability. commercial metal cutting. 

At the beginning of a cut, the surface tem- Finally, the writer wishes to a 
perature and the force increase gradually to a the cooperation of staff members of | 
high value. In the critical region of 3° by Science Research Laboratory of the 
volume of n. decanol in benzene, the concentra- of Cincinnati and of the Research ! 
tion of active ingredient is just suflicient, at this of the Cincinnati Milling Machine C 6 
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Lxperien 


ater vapor as a cause of decarburization 








Information supplied by “Metal Progress” 


ce shows that the decarburization of steel in 
| atmosphere heat treating furnaces can often 
d to water vapor formed in the furnace. 

ven knowledge of the conditions that cause it. 
e means of detecting its presence, elimination 
vapor can be accomplished by taking appro- 


rmation of water vapor is due to the effect 
h temperature on the composition of the furnace 


re. Compositions that apparently have 
nstituent ratios when they leave the prepara- 
may, and almost always do, change at 


FURNISHES 
OXIDE—BRIQUETTED OR 


AUTHORITATIVE 
CANNED 


ENGINEERING 
FERROMOLYBDENUM 


operating temperatures. 

The most important change is that known as the 
“water gas” reaction. If there are CO. and H, in the 
atmosphere gas, the following reaction will take place: 

CO. + H: CO =. H,O 
Under such conditions, a “bone dry” atmosphere can 
readily produce H.O in the furnace, and thereby 
cause decarburization. 

Manufacturers of special atmosphere units are giv- 
ing increasing attention to the best methods of avoid- 
ing the presence of CO.. They will be glad to suggest 
the best method for individual cases. 


APPLICATIONS. 
MOLYBDATE” 


ON MOLYBDENUM 
“CALCIUM 


DATA 
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PER yy oO NAL s L. C. Conradi @, formerly in W. J. Reagan @ bh. © seyey, 


charge of the technical and re- his connection with | dgews», 
search activities of the Interna- Steel Co. at Oakmont, Pa. 4 
; ; tional Business Machines Corp.., has joined the metallu sal ae 
George L Calvert & is on leave tes ; I J sales al eng 
noe has become affiliated with the neering staff of the Coppery, 
of absence from his position as : ; ee ; : 7 ; 
ie Standard Steel Spring Co. as ord- Steel Co. at Warren, Oh jo 
metallurgist, D. & B. Division, hief tall it ; 
: , me nance chief metallurgist. , . 
Emsco Derrick & Equipment Co., - Reginald S. Dean ©. chi 
called to active duty with the J. H. Dodge, chairman of the the metallurgical division, Bures 
Ordnance Department as first Toledo Group @, has been ap- of Mines, has been appointed a 
lieutenant, assigned to the Pro- pointed district manager of the sistant director of the Bureay 
duction Service Division, St. Toledo branch of the Latrobe ; ot es 
Karl F. Schauwecker, yie, 


Louis Ordnance District. Electric Steel Co. . x 
chairman of the Calumet Chapt 


©. has been transferred by Car. 
negie-Illinois Steel Corp. to Mj 
waukee as metallurgical contae 
representative in that district 





R. Zirkind &, formerly nay 
inspector at Pontiac, Mich, 
now inspector of optical materia 
for the Chicago area for the U.§ 
Navy. 


Richard A. Page ©, former 
with Reed-Prentice Corp. \ 
cester, Mass., is now with 
Army Air Force, Materiel Diy 
sion, Inspection Section, station 
at American Bosch Magne! 
Corp., Springfield, Mass. 





One job is to keep cutting oil research 


and engineering service abreast of the 





R. H. Soll @ has been 





progress made in machines, tools, metals pointed general manager of | 
WEAVY SUTY suTTING Ol and processes; to make sure the metal White Heat Treating Co., Hi 
Satiiarntsdind. ae Ammeilaa’s working industry has every advantage that ington Park, Calif. 
leading machine Yoo! builders modern cutting oils can make possible. 


O. J. Wick &, formerly 
" We've done that job since 1865 — done 


it well, industry has acknowledged. : 
pointed general superintend 


Ry (fh Lif 4 Example after example can be cited for Pacific Mining Co., Mor! 


superintendent, has been 














LIQUID CUTTING COMPOUND where management and technicians of Wash. 
ay cosh idl kaals nbd ehne <a vital war products plants, government and 
ee oe ae private, have worked with Stuart Oil Engi- Richard J. Tatousek @ is 
neers to solve new and difficult problems with American i" ocomotive | 
pa that were barriers to peak production. Chicago Heights, IIL, as assist 
The key to every such solution has been metallurgist of tes pao ry SI 
oy O 'B. O 4 found in an open-minded approach—close and Spring Division. 
Liquid GRINDING COMPOUND cooperation—in using unbiased judgement 
—and a determination to achieve results. Robert E. Hartsock 6 


Meets every test for the idea! 
Modern Grinding Compound 


been transferred by J. 1. Gas 
to the Gun Mount Diy 
responsibility for engineerins 





This is why we feel that you 


5 art’ will find Stuart Oil Engineering 


Service helpful in solving 


Ree Cea etal cuting problems. 


has been our job since 

AMERICA'S FIRST TRANSPARENT 1865 

SULPHURIZED CUTTING AND . 
DRAWING OIL 















anti-aircraft guns in five plan 


Hans Bohuslav ©. 


vice-president in charge of ©" 





Stuart ou 


Retieeies neering for Enterpriss gine 
For All Cutting Fluid Problems ; ~<a . a ing Co. of San Fran 
D. A. STUART. Olt Se. joined the Sterling Eng 


‘eee. oe A Buffalo, also as vice-p lent 
. re * ape Fe charge of engineering 
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¢ -<ARED FOR LONGER LIFE... 


a 
n - 


Unly 8 seconds are needed to immeasur- 

crease the service life of this internal 
year —by Airco Flame Hardening. This 
nodern process speedily hardens wearing 
faces without materially affecting the 
ess or shock-resistance of the core 
t gives you all the benefits of other 
race hardening methods — and in addi- 
flexibility, simplicity and econ- 
y. Another advantage — Airco Flame 
} permits treating surfaces which 


Air 








Flame Hardening 





cannot otherwise be handled due to size or = 
shape. Since it is performed on finished sur- 
faces, machining and regrinding operations 
are considerably reduced. 

Bring your surface wear problems to Airco. 
Our Researcii and Development Depart- 
ments con apply the flame hardening proc- 
ess to your individual problem APPARATUS 

; w+» «8 


? * 
Interesting, helpful illustrated flame MEME TdiT 1 mena | 





hardening booklet. Write for copy today 


Reduction 


General Offices: 60 EAST 42nd ST., NEW YORK, N. Y. 


IN TEXAS 
MAGNOLIA-AIRCO GAS PRODUCTS CO 
General Offices: HOUSTON, TEXAS 
OFFICES IN ALL PRINCIPAL CITIES 
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PERSONALS 


G. W. Strahan @ is leaving 
the International Nickel Co., 
where he was in the nickel sales 
department, to serve as a first 
lieutenant in the Air Forces of 
the U. S. Army. 

Promoted: Wayne L. Cockrell 
©. from captain to major, serving 
in the Detroit Ordnance District. 


Robert G. Maurer @ has ac- 
cepted a position with Westing- 
house Electric & Mfg. Co., East 
Pittsburgh, Pa., as manufacturing 


engineer. 


Smith ©, re- 
American 


Cyril Stanley 
search metallurgist, 
Brass Co., Waterbury, Conn., is 
now serving as research super- 
visor, War Metallurgy Committee, 
National Research Council, Wash- 
ington, D. C. 











DETREX MEN 
Are 


pe MEN know how to analyze your metal cleaning 


requirements 


. to show the men in your production 


departments how machines can be operated most efficiently 


and economically ... to recommend how solvents can be 


saved ...and to cooperate on every phase of your metal 


cleaning processes. 


Ever since Detrex products were first introduced, the men 


who have represented this company have always been 


thoroughly experienced in every phase of metal cleaning. 


Their “follow-through” has been continuous wherever 


Detrex machines and chemicals are used. 


With today’s new metal cleaning problems and demands 
for faster, more efficient production, Detrex Service can be of 


greater help to you than ever before. No obligation, of course. 


<" DETROI 


13006 HILLVIEW AVENUE 


Brench Offices In Principe! Cities of U.S. A 


T REX 


PRODUCTS 
COMPANY 


DETROIT, MICHIGAN 


Se ee ee ee 
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Orlo E. Brown & sistant 
professor of chemical e series 
in charge of metallurg Wee 
Virginia University, is . 
nected with the Vega reraft 
Corp. of Burbank, Ca as 
production processing zineet 

E. J. Egan, Jr. @ ha signed 
his position as a salesm or the 
Cincinnati district offi F eder- 
ated Metals Division of erica! 


Smelting and Refining (¢ to be- 
come metallurgist for Ridgewood 
Steel Co., Cincinnati. 


Ronald Vingoe @ is now con 
nected with the War Department 
Signal Corps, Wright Field, Day- 
ton, Ohio, as chemical engineer 


Robert J. King @ is employed 
as a metallurgist by the Dow 
Chemical Co., Midland, Mich 


C. H. Fitzwilson, Jr. @, for- 
merly in the sheet and stri 
metallurgical bureau, Carnegie- 
Illinois Steel Corp., iS NOW a Cor 
tact metallurgist for the tin plat 
bureau of the Chicago metallu 
gical department of Carnegi¢ 
Illinois. 


Transferred by Bridgeport 
R. J. Gardner ©, fro 


Bridgeport, Conn. to Indianapolis 


Brass Co.: 


Ind., as assistant plant engineer 
for the 
Project. 


Indianapolis Ordnan 


C. F. Quest @ received 
Ph.D. in Metallurgy at University 
of Minnesota in March, and 
now employed as metallurgist 
charge of the heat treating div 
Chattanooga Stamping 
Chattanoog 


sion of 
and Enameling Co., 
Tenn. 

L. W. Papendick ©. mel 
assistant chief metall st 
Northwestern Steel & \ { 
is now in the researc! part 
Lindberg Er! ering 


Co., Chicago. 


ment of 


Joseph G. Christ & 
at ae 


Tau 


research 
Memorial Institute, is ! 
rials engineer at the |! 
burgh plant of West 
Electric & Mfg. Co. 


engineer 


Pitts 







































NITRALLOY, alloy-steel, produces the 
hardest steel surface known. By prolong- 
ing the life of vital machinery parts sub- 
ject to wear, fatigue and abrasion, 
NITRALLOY conserves steel, alloys, la- 
bor, shop capacity, transportation, fuel 
and power. 

In defense work, NITRALLOY and 
the Nitriding Process contribute to the 
effectiveness and stamina of planes, tanks, 
trucks, artillery, and marine equipment— 
as well as of the machine tools needed to 
produce this war equipment. 


A Typical NITRALLOY Analysis 


DMt2e toss dnsgeeeeéesdedeet 0.35 
MANGANESE.... TTT eT Cre Tre 

Pens ak Terrrrre rere, 
CHROMIUM. . ee re ee eT Tere 1.00 
i + 4.0 64666 cbeecncetae oe 1.00 
ee ee 0.25 


Nitrided NITRALLOY parts can be pro- 
duced with case hardness exceeding 1000 
Vickers-Brinell, and core hardness of 
more than 300 Brinell, with ultimate 
strengths up to 190,000 Ibs. per sq. in. 
Within wide limits, strength and hard- 
ness of core are variable by correct selec- 
tion of composition and heat-treating 
temperature. 

NITRALLOY metallurgists welcome 
consultation and opportunities to rec- 
ommend the most suitable composition 
and treatment for any given purpose. The 
NITRALLOY Data Book will be use- 
ful in considering possible applications. 
Copies are available on request to 
us or our licensees, 


NITRIDING 


is the process of case hardening 
certain alloy steels by means of 
a nitrogenous medium, such as 
ammonia gas. The alloy steels that 
are most suitable for Nitriding 
are known as 


NITRALLOY 
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PERSONALS 


Promoted: E. E. Sanborn 6. 
to manager of toolsteel sales in 


Alles ghe ny 
Cleveland territory. 


Ludlum Steel Corp.'s 


C. Fetzer &, formerly 


assistant professor of metallurgy 


Maurice 


at Pennsylvania State College, has 
joined Carpenter Steel Co. as a 
research metallurgist. 


Albert E. 
founder 


White, past presi- 
dent and member ©, 
director of engineering research, 
University of Michigan, has been 
nominated for a manager by the 
American Society of Mechanical 


Engineers. 


Walter L. Snyder @ has 
changed his connection from the 
Blaw-Knox Co. laboratories to 
the Continental Roll and Steel 


Foundry Co., Coraopolis, Pa. 








ROTOBLASTS!” 


Here are a few of the many reasons why 


machines. 


400 per cent. 





and lower cost! 


NOW IS THE TIME TO ADD TO HITLER'S WORRIES BY REDUCING 
YOUR OWN. SIMPLY SEE WHAT ROTOBLASTING WILL DO FOR YOU. 


HITLER hates the smooth efficiency of the 
Pangborn Airless ROTOBLAST Cleaning 


], Airless ROTOBLASTING of shells and bombs has 
helped many plants raise production schedules 80 to 


2, Airless ROTOBLASTING of armor plate for tanks and 
ships provides new SPEED in assembling these much 
needed offensive weapons. 


3, Airless ROTOBLASTING of castings, forgings, heat- 
treated and other metal parts provides greater 
uniformity of surface; easier inspection for blemishes 
and flaws; ideal base for machine finishing or metal- 
lizing application;—all at greater production speed 








WORLD'S LARCEST MANUFACTURERS OF BLAST CLEANING AND DUST COLLECTING EQUIPMENT 


PANCBORN 


PANGBORN CORPORATION 





HAGERSTOWN, MD. 
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Joseph Il. Wexlin © 
district manager for 
Lomb Optical Co. in P! 
has reported for duty 


Army Ordnance Depa: 
signed as officer in ch 
Bethlehem sub-office of p 
delphia Ordnance Dist 


Alfred Sonntag © 
chief engineer and sal 
of the Riehle 
Division of Americar la 


Testing 1 


and Metals, has joined 
of the 
ment of the Baldwin-Southy 


testing machine cd 
Division of the Baldwin 
tive Works, Philadelph 


Harry Czyzewski @ is at 
ent in the research laborat 


of Caterpillar Tractor ¢ 


Morton C. Smith @ has 
turned to the United States 
three years in the metallurgy 
partment of the Universit) 
Alaska, to 
assistant professor of metallur 
at the Montana School of M 


in Butte, Mont. 


accept a_ positiol 


Elected to the Canton ( 
Clifford W. Gehrum & 
Republic St 





Council: 





metallurgist at 





Corp. 





Harris P. Moyer @ is 
chief metallurgist for the An 


can Propeller Corp., Toledo, O! 


Appointed to Industry Ad 
ory Committees, Divisio 
Industry Operations, War |! 
duction Board: W. J. Priesti 
@. vice-president of Electro ) 
allurgical Co., New York, ! 
Ferrochromium Producers Indus 
try Committee; H. E. Passmore 
© engineer, National Tube ' 
Pittsburgh, to the High Pressu! 
Steel Gas Cylinder Manutacture! 
Industry Committee. 


Burton H. Gedge © sista 
to vice-president in charg 
American tee 


has been p! ted 


operations of 
Wire Co.., 
new duties specializin 
activities ol 
president's office. Harry Jenter 
@ has also been mad 


to vice-president 


duction 





40 








OW DO TANKS 
/ET THAT WAY ? 
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COLOSSUS OF TODAY'S BATTLEFRONT— Behemoth 
of ruggedness and well-nigh irresistable power — pre- 
cision motored, ultra offensive—yet, like the ponderous 
tortoise, dependent upon its shell for protection from 
enemy assault! 

American tank manufacturers today are using many 
MAHR Carburizing and air draw-stress relief furnaces 
for perfecting the super armor of modern tanks. MAHR 
continuous, car and batch type furnaces are also used 
extensively for the critical heat treatment of tank trans- 
missions to give them dependable, rugged driving 
power. That's because, through the years, MAHR fur- 
naces have always been on the front line of heat treating 


progress in ever) phase! 


FOR EVERY HEAT TREATING NEED 
ANNEALING, CARBURIZING, BAKING, HARDENING, FORG- 
ING, DRAWING, STRESS RELIEF—CAR BOTTOM, PIT, 
PUSHER, ROLLER HEARTH, CONTINUOUS, POT. . . RIVET 
FORGES, TORCHES, BURNERS, BLOWERS, VALVES. 


WRITE, WIRE OR PHONE TODAY 


Our engineers will gladly help you select the type 
unit you need, and we'll give you complete informa 
tion on any specific request. There's an engineer- 


representative near you for quick consultation 


MAHR MANUFACTURING CO. 


DIV. DIAMOND IRON WORKS, INC 


GENERAL OFFICES—MINNEAPOLIS, MINN 
SALES OFFICES IN PRINCIPAL CITIES 
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PERSONALS 


E. G. Jennings ©, 
metallurgist, Canadian 


Co., Montreal, is now metallur- 
gist, McKay Smelters, Ltd., Ot- 


tawa, Ont. 


Lieut. N. A. Birch @ has been 
ordered for active duty at Water- 
town Arsenal, associated with the 


heat treat division. 


formerly 
Bronze 


Paul Keller @, formerly of the 
Cleveland sales district, has been 
appointed to manage the sales of 
tool, stainless, and special steels 
for the Copperweld Steel Co., 
Warren, Ohio. 


R. S. Ahlbrandt @, Pittsburgh 
district sales manager for Alle- 
gheny Ludlum Steel Corp., has 
been granted a leave of absence 
to accept a lieutenant’s commis- 
sion in the United States Navy. 


























SKILL and FACILITIES 


for Producing these Castings ranging in size 





T TAKES as much if not 

more skill to run a heat of 
high alloy steel, prepare the 
molds, and then make sound 
castings weighing around a 
pound or so as it does to pro- 
duce a single casting weigh- 
ing up in the tons. 


Duraloy metallurgists and 
foundrymen can do this and 


from A POUND or even less 


to SEVERAL TONS 


do it well. They have done it 


for years. They know from 
twenty years’ experience how 
to produce alloys to meet con- 
ditions of high temperatures, 
corrosion and abrasion. 


So, no matter the size of your 
casting or the total tonnage 
involved, bring your problem 
to us. 


THE DURALOY COMPANY 
Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4ist St., New York, N. Y. 


Detroit 


The Duraloy Co. Coffin 


of Detroit 


Scranton, Pa. 
& Smith 


Les Angeles 
Great Western Steel 
Company 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans 


7-DU.-2 
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H. Fiosne @ is nov 
gist at International rves 
Co., Bettendorf Wor! Rett 
dorf, lowa 


James Allison ©. | 
Billings & Spencer ( a 
three months in the ( lect 
State Office of the W 
tion Board and is n 
metallurgist of the Star D, 
Machine Co. of Akron i0 


Edward Schmotzer © js 
connected with the National | 
vistory Committee for Aero; 
tics, Engine Research Lahorat 
Cleveland, as assistant elect 
engineer. 

Personnel changes on 
staff of American Steel & \ 
Co.: In Cleveland — John s 
Richards © has been app 
director of research and is 
ceeded as manager of the 
lurgical department by James | 
Thompson ©. Flint C. Elder & 
formerly director of researc! 
now research enginee! 
cial assignments from. the 
president. Lawrence H. Du 
ham @ has been made assis! 
manager of the metallurgica 
Oscar T. Marzke § 
formerly works metallurgist 
North Works in Worceste! 
been named works metallurg 
Waukegan, Ill. Wade B. Houk § 
has been appointed works me! 
lurgist at Worcester. Charles ¢. 
Williams ©, formerly assis! 


foreman of the 


partment. 


general 
hearth department, Donora 
Works, Donora, Pa., has ! 


transferred to the Cle 


\ 


headquarters and app 
the vice-president’s offic 


Charles M. Craighead & 
been named a research | 
\ 


gist on the staff of Ba 
morial Institute, Colum! 


H. T. Herbst @ has chany 
from district engineer | vis 
engineer of Linde Al 
Co. in Los Angeles. 

Melvin J. Brown @ 
lurgical observer, H 
Works, 
Corp., Pittsburgh. 


Carnegie-Illin St 














More Dollars Per Man Per Month in the 
PAY- ROLL WAR SAVINGS PLAN / 














TO WIN THIS WAR, more 
and more billions are needed 
and needed fast—AT LEAST 
A BILLION DOLLARS A 
MONTH IN WAR BOND SALES 
ALONE! 

This means a minimum of 10 percent 
of the gross pay roll invested in War 
Bonds in every plant, office, firm, and 
factory in the land. 

Best and quickest way to raise this 
money—and at the same time to “brake” 
inflation—is by stepping up the Pay- 
Roll War Savings Plan, having every 
company offer every worker the chance 
to buy MORE BONDS. 

Truly, in this War of Survival, 
VICTORY BEGINS AT THE PAY 
WINDOW. 

If your firm has already installed the 








PRION 


Pay-Roll War Savings Plan, now is the 
time— 

1. To secure wider employee par- 
ticipation. 

2. To encourage employees to increase 
the amount of their allotments for 
Bonds, to an average of at least 10 
percent of earnings— because 
“token” payments will not win this 
war any more than “token” resis- 
tance will keep the enemy from 
our shores, our homes. 


If your firm has not already installed 
the Pay-Roll War Savings Plan, now is 
the time to do so. For full details, plus 
samples of result-getting literature and 
promotional helps, write, wire, or 
phone: War Savings Staff, Section E, 
Treasury Department, 709 Twelfth 
Street NW., Washington, D. C. 





U. S. War Savings Bonds 





This space is a contribution to America's all-out war program by 
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PERSONALS 


E. G. formerly 
metallurgist, 
Co., Montreal, is now metallur- 
gist, McKay Smelters, Ltd., Ot- 


tawa, Ont. 


Jennings ©, 


Canadian Bronze 


Lieut. N. A. Birch @ has been 
ordered for active duty at Water- 
town Arsenal, associated with the 
heat treat division. 





Paul Keller @, formerly of the 
Cleveland sales district, has been 
appointed to manage the sales of 
tool, stainless, and special steels 
for the Copperweld Steel Co., 
Warren, Ohio. 


R. S. Ahlbrandt @, Pittsburgh 
district sales manager for Alle- 
gheny Ludlum Steel Corp., has 
been granted a leave of absence 
to accept a lieutenant’s commis- 
sion in the United States Navy. 


























SKILL and FACILITIES 


for Producing these Castings ranging in size 





T TAKES as much if not 

more skill to run a heat of 
high alloy steel, prepare the 
molds, and then make sound 
castings weighing around a 
pound or so as it does to pro- 
duce a single casting weigh- 
ing up in the tons. 


Duraloy metallurgists and 
foundrymen can do this and 


from A POUND or even less 


to SEVERAL TONS 


do it well. They have done it 


for years. They know from 
twenty years’ experience how 
to produce alloys to meet con- 
ditions of high temperatures, 
corrosion and abrasion. 


So, no matter the size of your 
casting or the total tonnage 
involved, bring your problem 
to us. 


THE DURALOY COMPANY 
Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4ist St., New York, N. Y. 


Detroit Scranton, Pa. Les Angeles 
The Duraloy Co. Coffin & Smith Great Western Steel 
of Detroit Company 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans 


7-DU-2 
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H. Fiosne @ is no. 
gist at 
Co., Bettendorf 
dorf, Iowa. 


James Allison 6, | rly 
Billings & Spencer ( ser 
three months in the ( 

State Office of the W 
tion Board and is n 


Internationa! 
Work 


metallurgist of the St 1 
Machine Co. of Akron 


Edward Schmotzer ©& js 
connected with the National 4 
vistory Committee for 
tics, Engine Research Labhorat 
Cleveland, as assistant ct 
engineer. 

Personnel changes on 
staff of American Steel & \ 
Co.: In Cleveland — John § 
Richards © has been appo 
director of research and is ; 
ceeded as manager of the m 
lurgical department by James R 
Thompson ©. Flint C. Elder & 
formerly director of researe! 
now research enginee! 
cial assignments from th 
president. Lawrence H. Dur 
ham @ has been made assi 
manager of the metallurgica 
Oscar T. Marzke § 
formerly works metallurgis! 
North Works in Worceste! 
been named works metallurg 
Waukegan, Ill. Wade B. Houk § 
has been appointed works meta- 
lurgist at Worcester. Charles ¢. 
Williams ©, formerly ass 
foreman of the 


partment. 


general 
hearth department, Donora ‘ 
Works, Donora, Pa., has 
the ¢ 
headquarters and app 


transferred to 


the vice-president’s offic 


Charles M. Craighead & 
been named a research meta 
4 


} 
) 


gist on the staff of Ba 
morial Institute, Colum! 
H. T. Herbst © ha: ing 
from district engineer |! vis 
engineer of Linde At 
Co. in Los Angeles. 
Melvin J. Brown & 
lurgical observer, H 
Works, Carnegie-Illin 
Corp., Pittsburgh. 
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TO WIN THIS WAR, more 
and more billions are needed 
and needed fast—AT LEAST 
A BILLION DOLLARS A 
MONTH IN WAR BOND SALES 
ALONE! 

This means a minimum of 10 percent 
of the gross pay roll invested in War 
Bonds in every plant, office, firm, and 
factory in the land. 

Best and quickest way to raise this 
money—and at the same time to “brake” 
inflation—is by stepping up the Pay- 
Roll War Savings Plan, having every 
company offer every worker the chance 
to buy MORE BONDS. 

Truly, in this War of Survival, 
VICTORY BEGINS AT THE PAY 
WINDOW. 

If your firm has already installed the 









ALAIN 


Pay-Roll War Savings Plan, now is the 
time— 

1. To secure wider employee par- 
ticipation. 

2. To encourage employees to increase 
the amount of their allotments for 
Bonds, to an average of at least 10 
percent of earnings— because 
“token” payments will not win this 
war any more than “token” resis- 
tance will keep the enemy from 
our shores, our homes. 


If your firm has not already installed 
the Pay-Roll War Savings Plan, now is 
the time to do so, For full details, plus 
samples of result-getting literature and 
promotional helps, write, wire, or 

hone: War Savings Staff, Section E, 
Treasury Department, 709 Twelfth 
Street NW., Washington, D. C. 





U. S. War Savings Bonds 





This space is a contribution to America's all-out war program by 


METAL PROGRESS 


July, 1942; Page 97 














some pits which might be mis- Riecer in The Metal In 

p oO L ‘ % H q NX G taken for inclusions or voids. May 24, 1940, page 461 
Alternative Equipment the specimen is made 

Specimens may be etched in with an optimum curre: 


(Continued Jrom page 4 4) the customary manner by swab- ot about 2 amperes per 


The unetched surface of the bing for a few seconds in a amp. per sq. decimete 
metal cannot be focused sharply freshly made solution contain- eral seconds in an elect 
and is not useful in deter- ing 9 parts of 50° ammonium follows: 10 ml. of 0.10) 
mining the nature or pres- hydroxide and 1 part of 9% nium acetate, 30° ml. 
ence of inclusions, since the acid hydrogen peroxide. Specimens ammonium hydroxide, 
attack and the electrolytic pol- can also be electrolytically etched 0.50M sodium thiosuly 
ishing destroys the identity of by a procedure described in ml. of distilled water 
the inclusions and produces detail by G. C. WiLuiaMs and G. Good results are obt 


a cell similar to that ad 





for polishing, except wit! 

less steel anode and cal 

is important to keep th 
clean so that good cor 

be maintained with the s; 
The surface to be etched sh 
be vertical and paralle! 
cathode. This cell also gives }y 
results after it has been used s 
eral times. The optimum siz 
the steel cathode is 15 sq.in 
the best anode size is 1.5 Sq 
The cathode should be pla 
about *, in. from the anode p 
form. Good etching results ha 
been obtained on specim 
about 1 sq.in. in surface ar 
using a potential of about 
volts and a current density 
about 0.1 amp. per sq.in. (ab 
1.5 amp. per sq. decimete! 
about 10 sec. 

All methods of elect 
polishing and etching req 
some individual observations 
determine the most suitable 0] 
ating conditions for the p 
lar cell being used. The n 
described in this article 
satisfactorily applied to 
and brass specimens 
only one phase (the alph 
is present. If more t 
phase is present, only th 
phase will usually be | 
while the beta phase wil 
etched or pitted out. H 
there is no doubt that 
lytic polishing, and the 
A new book on Pentrate is just off the press — of chemical attack in nt 


full of information—send for your copy now! to eliminate the smoot! 


paper prior to electrolyti 
ing, makes the prepa! 


H E A T B A T H c 0 R P 2 R A T o N copper or brass specime 
SPRINGFIELD, MASSACHUSETTS and faster. 
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SPECIFY ECLIPSE! 


for -- 





@ RUGGED CONSTRUCTION 





@® ECONOMICAL OPERATION 
@ ACCURATE CONTROL 


Manufacturers of 





POT FURNACES FOR = = AIR DRAW FURNACES | 

OIL, LEAD & SALT BRL OVEN FURNACES | 
BELL FURNACES ates §©FORGE FURNACES 1 
SOFT METAL FURNACES RIVET HEATERS | 








ECLIPSE FUEL ENGINEERING COMPANY, Rockford, 1. 





MANUFACTURERS OF ALL TYPES OF INDUSTRIAL FUEL EQUIPMENT 





























Alloy Constructional Steels | 


Shi 
by H. J. French 
In Charge of Alloy Steel and Iron Development / 
International Nickel Co. e 
Vix. FreNCH’s lectures on “Alloy Construc- | 


made into a book which is now off the press. 


tional Steels” were so well received at the 
i 
' 


1941 Western Metal Congress that they were 
S.A.E. * ALS.L * NUE. © ALLOY STEELS 





This 275-page book covers alloys in com- 
mercial steels—why alloy steels are used 

selection of alloy steels—typical commercial 
uses—commercial steels and manufacturing 
variables—high alloy steels—wear—how al- 
loying elements may affect corrosion of 
steels—processing and special treatments. 





Scientifically selected and designed 





to conserve critical alloys and meet 


In a time when much of our steel is being L b ' 
used for construction, the valuable informa- the carburizing or heat treating re- 
tion contained in this book is particularly quirements of the Machine Tool and 
important and timely. Order your copy : 
toda fircraft industries. Call our nearest 

275 pages . . . 95 illustrations office and warehouse for up-to-the- 

.6" x9"... Cloth binding minute information. 
$4.00 


Published by 


Am ican Society for Metals WHEELOCK, LOVEJOY & CO., INC. 


1 Avenue Cleveland. Ohio DETROIT -:- BUFFALO -: CINCINNATI 
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What are NE steels? 


Some Questions and Answers on 


New National Emergency Analyses 


National Emergency (NE) Steels 


are a series of new alloy analyses, de 





ve loped, at WPB's request, to supplant 
standard steels of rich strategic alloy 
content. These new analyses are recom 
mended by W PB as alternates for pres 
ent nickel, chromium and chrome nickel 
onstructional alloy steels 

What is the Purpose of NE Steels? 


Extensive substitution of NE grades for 





present standard analyses will “‘stretch’”’ 
our supply of critical nickel and chro 


j 


mium. Greater use of manganese and 


moly will help speed alloy steel produc 
tion and deliveries. WPB states that 
NE steels and certain others containing 
less, or no strategic elements will soon 
be only steels available’. You are urged 
to change as quickly as possil le, to he 
prepared when present standard analy 
ses are cut oft 
What are NE Analyses? 


A list of present standard al 





loy “specs: and recommended 


NE alternates, showing chemical com 
positions, may be obtained by mailing 
the coupon below to Peter A. Frasse 


and Co., Inc. 


How About Physical Properties? 





Extensive tests are now being made on 
NE grades, results of which will be fur- 
nished on request. Conclusive data will 
be published as soon as sufficient tests 
are accumulated 

When Will They Be Available? 


Test heats have already been melted by 





most alloy mills. Frasse will stock NE 


grades as fast as mill rolling schedules 


permit. Details will be furnished short 
t 


ly Peter A Fra é 26 ( 


FRASSE Mechanical STEELS 


SEAMLESS STEEL TUBING 
DRILL ROD 
COLD ROLLED STRIP AND SHEETS - 


ALLOY STEELS - 


21 (14LUQUUTUNNVOUUGRUQEQUTROUUUOUULULUUUUUOUUEOU4U00000000000000000000000040000000000000000000000000EN0F20EOFEUHOULELAEUUEOOMOLHUOOUU Utes 


FRASSE AND CO., IN¢ 
Grand Street at Sixth Avenue, N. Y. ¢ 


PETER A 
Gentlemen 


Name 
Firm 


Address 


LUQOUNUOUIUUUNANANAUUAOOUOUUUNOOEAAONAUUOOOUULOUUUUEEOELUOOOAOUAOUUOUUUUUUU 


STNNUAOUNNNUANNGNNNNNOUONONNNENNNONNNNNNUS{0UNU00N0N000N000000000U000008000N00000000UONNEOONGHUSUUGUUOUOUUEREEGOANUOUOUU OCCU EERE AEAEAAAAATTTA ATE HULUUUUIYUAQOQNUUOUUUOONQQ00EEEUULUOQQOOOOOOUUUUUOONOG 


COLD FINISHED BARS 
- WELDED STEEL TUBING 
STAINLESS STEELS 


ye 


HUUUALLUANUAINNNANI 


Please send me, withouc obligation, a list of recommended NI 


steels and their chemical compositions 


THUMM NAAN 
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ALUMINUy 


(Continued from | 
delivery on steam pe 
ment and the need f 
source of power, oth: 
ments had to be mad 
At this plant, we 
supplied with natura 
very low price, SO we 
ing 60 Cooper-Bess 
engines each driving 
generator, and 18 lay 
berg engines each dir 
to a 2250-kw. genera! 
are low voltage, dire 
generators and the W 
transmitted directly to th 
duction line without transf 
or converter losses. Th 
ventional procedure is 
ate alternating current 
voltage for econ 
then con 
at the delivery end to direct 


enough 


transmission and 


rent for the cells by means 
mercury are 


elimination of this equipn 


makes the price of gas-eng 
power compare favorably w 
that 


cheap natural gas we belies 


from other sources. Wit! 


will be a very economical inst 
lation, in spite of the large 
ber of units required 
Finally there is one th 
like to leave 


Aside from our op 


I would 
you. 
expenditures, the Aluminu 
of America will have sp 
construction from Ja 
1940, to the middle of 1946 
about $600,000,000. We ha 
yet been seriously behind s 
ule and have been ahead 
cases. No organizack 
of ours could have ha 
work without the coo; 
everyone connected wi! 
neering, purchasing 
tion, operating, coordi 
priority divisions all 
is their job. Everyon 
blueprint boy up ts 
see the schedules ke] 
personal pride in be 
This is the only w 


have been done. 
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For lack of ships and planes and tanks 
We lie here where we fought, in serried ranks, 
Because, too little and too late, 


The shift made six instead of eight. 
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THE QUALITY NAMES IN ALLOY ye 
FOR HEAT CORROSION ABRASION Jbd> 











improper repair c 

INSPECTION OF COPPER WELDS* of a leak instead of g 
rewelding. 

Whenever poss 

HE INSPECTOR should be to inspect. Some of the things inspector should ex 


familiar generally with the to be observed are: underside of a butt we 
welding of non-ferrous alloys, Appearance of Weld— The rect penetration. V 
methods of qualifying welding weld should have a neat appear- much metal has sagg roug 
procedures and operators and ance, be uniform in width and the joint (no back up 
methods of testing welds. He in height and contour of rein- inspection should be g 
should also be familiar with the forcement. A localized increase distance of approximately 2 
specifications or codes governing in width of weld may mean each side of the icicle. Us 
the particular work which he is excess heat at that point or an radial gas holes are 


(particularly true with sil 





bronze). The amount of s 











should not exceed ,, in 


Undue distortion of th pla 
USTAINED IGH RODUCTION may mean improper jigging 
indicate locked-up stress 


Undercutting, Cold La 


IN of Heat-Treated Munitions Parts }}} S-<ore;ant Ns) cones 





. temperatures, there is some ¢ 
ger that the vertical face of 

IS assured by the USE of are fillet weld me be ‘ide 

and undercutting may als: 


on the far side of a vertical ¢ 
butt weld. Cold laps may o 


on the front edges of a ver! 






















There can be no let-down in out- butt or fillet weld and o1 
put when victory is at stake. lower surface of a horizontal ¢ 
PYRASTEEL is the safe and sure or are fillet weld. 
heat-resisting alloy touse for heat | Cracks, Unsoundness — As 
treating vital parts of equipment. ferrous metals, internal cra 
It keeps production lines moving, and unsoundness will be spot! 
and prevents “bottle-neck”’ de- most effectively with the X-1 
lays in the heat-treating depart- | However. the inspector can ¢ 
MEUIRS. erally detect any serious de! 
PYRASTEELannealing pots, fur- of this character. Cracks | 
nace parts, grids, rollers and | ing to the surface can gene! 











guides, give the dependable serv- be spotted. A 7 or 10-p 
% ice, so necessary in maintaining hand magnifving glass is a 
» today’s emergency schedules. tinct aid in such inspect 





prpasitel 








Where there is any doubt a 
taken with a round n 





} 


driven along the cent 





the supposed crack VI! 
If the chip separates lil 
horn, the crack is prov 

A similar test at 1! ig 
the weld will prove 
inadequate fusion. 

Cracks may son 


























(Continued on pag 


*From copyrighted 
entitled “Tentative Re 
Practices for Inspect! 
Welding”, prepared by 
of the American Weld 
April 1, 1942. 





CHICAGO STEEL FOUNDRY CO. 


3701 S. Kedzie Ave., Chicago, Ill. 
Makers of Alloy Steel for 30 Years 
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ertca’s Defense Inspectors 


a new, low-priced guide book 


nspection 


of Metals 


ry B. Pulsifer, Metallurgical Engineer, 
American Metal Treating Co., and Consult- 
ing Metallurgist, Ferry Cap and Set Screw 
Co., Cleveland, Ohio. 


AD 
WW 














To help speed inspection of metals used in 
national defense, the American Society for 
Metals is making available at cost this new, 
authoritative 245-page book on metal inspec- 
tion. Written in non-technical language by 
an authority in the field, “Inspection of 
Metals” is designed particularly for those 
with a limited knowledge of metal-making 
practice and the testing of metals. 


Chapter One gives a brief review of what the 
steel maker aims to produce and how his best 
efforts may be frustrated by factors beyond 
his control. Remaining chapters enumerate 
various tests that can be made .. . the tech- 
nique of making them .. . and how the results 
may be interpreted in terms of metal quality 
and utility. Many illustrations are used to 
clarify the particular details. 


This low-priced book will be extremely help- 
ful to defense inspectors and as a textbook in 
defense courses. Anyone interested in metal 
inspection will profit by purchasing it. Avail- 
able immediately .. . order your copy on the 
handy coupon below—today! 


245 pages . 120 illustrations ... 6" x 9”... Paper 

Cover, $1.00 (postpaid . Cloth Cover, $1.50 (post- 

paid add 25c foreign postage. (No discount for 
quantity lots 





American Society for Metals 
‘M1 Euclid Avenue 
Cleveland, Ohio 
Gent! nm: i i 
er en: Please send me by return mail____copies of 
INSPECTION OF METALS. I am attaching $___- 
in ca . check | » money order ( . 





P Bound $1.00 postpaid. [ Cloth Bound $1.50 
postpaid. Add 25c if foreign postage. 
NAM 
| ADI 
CIT 
ae 














A COMPLETE STOCK OF 
STANDARDIZED 


industrial thermocouples 


AND THEIR ACCESSORIES 
FOR ALL MAKES OF 
PYROMETERS 


ARKLAY 5S. 
eer R ICHARDS CO. Inc. 


74 Winchester St., Newton Highlands, Mass. 


THERMOCOUPLES % LEAD WIRE 
THERMOCOUPLE WIRES 
INSULATORS % TERMINAL HEADS 
CONNECTORS 
PROTECTION TUBES 


* 












DO YOU NEED 
DRY 
CONTROLLED 
ATMOSPHERES? 









USE 


LECTRODRYER 
“ACTIVATED 
ALUMINA 
SYSTEM” 








LECTRODRYER (Activated Alumina System) dries con- 
trolled atmcsphere gases to very low dewpoints. There 
are no messy or corrosive chemicals; operation is 
simple and dependable. Results are thorough. 

Write for details on LECTRODRYER equipment for 


drying your controlled atmospheres. 








PITTSBURGH LECTRODRYER 
CORPORATION 


PITTSBURGH, PA. 


32nd STREET and ALLEGHENY RIVER 
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WELD INSPECTION 


(Continued from page 102 
spotted by the kerosene-chalk 
test, made by flooding the sus- 
pected surface with kerosene. 
\fter draining, the surface is 
covered with a mixture of chalk 
powder in water or whitewash. 
(After this is dried the kerosene 


in the cracks will be absorbed by 


This 


test should be undertaken only 


the chalk and discolor it. 


by one who is familiar with the 
technique of carrying it out 
properly. 

The gouging chisel is also 
useful in proving or disproving 
gas porosity. If there is any sus- 
picion of unsoundness, a chip 
may be taken and the chipped 
surface inspected as well as the 
fracture at the end of the chip 
for porosity 
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If any cracks or ur 
is discovered in a weld 
sure vessel, the san 
be chipped out and 
Weeps in copper all 
corrode tight as is oft 
in ferrous welds. ( 
also unsatisfactory in 
minute porosity in cop 
per alloys. 

Oxidized Weld M 
heavy black scale on 
surface may indicat 
exposure of the meta 
temperature. Oxide in 
is usually indicated | 
ness in the weld m 
rarely found in copper 
copper-zine alloys but 
in are 
the top of the bead 


welded electrolytic « 


welded coppel 


narrow zone at the ed 
weld. It may occur in 
bronze or the cupro-! 
there is an inadequa 
deoxidizer in the filler 
in aluminum bronze it n 
as a thin web which i 
the continuity of the fus 

In any case, the 
metal can usually be sp 
chipping the location and 
the ductility as indicated | 
chip. Oxidized metal 
off short while clean n 
show a reasonable d 
ductility. 

Entrapped flux wi 
occur, if at all, in the a 
edge of the weld. It « 
covered only by chippin 
the X-ray. 

Silver brazed or soft 
copper or brass tube 
copper or cast brass [tl 
be inspected by the 
of the metal and the 
let as to whether the }: 
the correct temperatu! 
welded or bell and Splr 

bronze welded brass 
pipe, the appearance « 


is usually sufficient ¢ 


inspector can spol 
the butt 


looking or feeling insid 


under joint 
































CONTRIBUTORS TO THIS 


six committees, including 


three of them, keeps John 


SHIP on 


ianship of 


\) 


Vit hel 


yy metallurgical engineer for Carnegie- 


, i 


Corp., extremely busy and very well 
ri 1 problems of alloy selection and con- 
7 AS the 


Steels Committee of the American Iron 


chairman of Chrome-Nickel 
Stee! Institute, he has helped establish stand- 
itions for 16 National Emergency steels, 
hairman of the W.P.B. Technical Advisory 
tittee on Carbon and Alloy Steel Bars and 
ets, he directs the activities of five groups work- 
« on industrial applications of these NE steels. 
chairman of the Alloy Technical Com- 
echnical Standardization) of the A.LS.L, 

a member of the W.P.B. Technical Advisory 

' nittee on Aeronautical Steels, and of the Small 


ri S oatSo 


us Technical Committee and the Armor Piercing 
Shot Committee of the Army Ordnance Department. 
Mitchell also has to his credit numerous metal- 
gical and technical developments making possi- 
ise of steel sheets in airplane construction to 
serve aluminum and other strategic materials 
Thomas D. Jolly, chief engineer and director 
purchases, has supervision over the entire 250 
m dollar expansion program of the Alumi- 
Co. of America, as well as the 15 plants under 
for the Plant 
p. He began with the Aluminum Co. as a drafts- 


struction Government's Defense 
alter being trained in mechanical engineering 
Carnegie Institute of Technology. Except for 18 
ths’ service with the Engineers’ Corps during 
World War I, he has been with Alcoa ever since, 
ing successively as machine designer, master 


superintendent of maintenance, mechani- 





Mitton C. 


SHAW me B 





ISSUE 


cal superintendent, buyer and purchasing agent 


He was promoted to his present position in 1937, 


Lieut. G. J. 
, and Ph.D., 
Dame, where he was a graudate assistant and teach- 
1935 to 1940. He been 
Carnegie-Illinois Steel South 
Works, by the Sanitary District of Chicago, and has 


B.S., M.S 
all from University of Notre 


Foss, Jr. has a magna 


cum laude 
has also 


ing fellow trom 


employed by Corp. 
been instructor at Catholic University of America 
He has been on active duty in the Navy since June 
1940 the 
Washington. 
Notre Dame Chapter @ for four years 


in Metallurgical and Testing Section at 


He was secretary-treasurer of the 


Larry Shiller has been at the Washington Navy 
Yard since 1939, first in the physical testing labora- 
tory, then in the magnetic inspection division, and 
finally in the metallographic laboratory, where he 
brass and 
ol 
Science in Mechanical Engineering from University 
of North Carolina 


has specialized particularly in cartridge 


cartridge cases. He has a degree of Bachelor 


Milton Clayton Shaw was born in Philadelphia 
and studied at Drexel Institute of Technology, 
receiving a B.S. in Mechanical Engineering in 1938 
As a Cincinnati Milling Machine Co. fellow at Uni- 
versity of Cincinnati from 1938 to 1942, he received 
a Master of Engineering Science degree and a Doc- 
tor of Science degree. He was employed as research 
engineer at the Cincinnati Milling Machine Co 
before being called to his present position in the 
Fuels of the National 
Advisory Committee for Aeronautics at Langley 
Field, Va. 


and Lubricants Section 


SHILLER 


LARRY 


Foss, Jr. 
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| ORDNANCE AND INDUSTRIAL 
FURNACES 


All Sizes — All Types — All Purposes 
Direct Fired — Recirculating — Recuperative 
Automatic or Manual Controls 

Gas Burners—Nozzle Mix and 
Long Luminous Flame 
Oil Burners, Oil Heaters and 
Conditioning Equipment 


TATE-JONES & CO., INC. 
LEETSDALE, PA. 


Furnace Engineers and Manufacturers Since 1898 


























Continuously 


“ACTIVITY 


..++ With only 
10% to 15% New Added 


Columbia 


TOOL STEEL 


PERT oe | Ee 


SUPPLY — 


There is ample High Speed, 
Alloy and Carbon Tool Steel 
for war production if all users 
will (1) buy prudently and (2) 
get all the production possible 
from each pound of steel. 

Columbia Sales-Service men 
will be glad to help you to this 
end. 









C 
CAR RS 


CHAR PRODUCTS CO., Indiancpolis 





COLUMBIA TOOL STEEL COMPANY 





14TH. STREET > H A HE I 
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INDUCTION HEATING CORPORATION 
NEW YORK CITY 


Data Sheet 


































































Subject: Production and Control of High Frequency Magnetic Fields Sheet No. 2 
SOURCES OF HIGH FREQUENCY ELECTRICAL ENERGY 





Dat #1, it was shown that in order to raise the size of the inductance and capacitance going to make up the 
f a material by induction heating, it was nec- constants of this circuit set the frequency limits between 80 

y t it in a high frequency alternating magnetic and 200 kilocycles. These same quantities also limit the 
Hi ur next consideration should be the methods output capacity of these generators to approximately 20 kw 
magi eld production. There are three available As the higher frequencies are approached, more critical 
trical energy at frequencies, and with capaci- matching of the output load is required and hence the 

suitable f or commercial induction heating; the rotating coupling between the primary and the secondary induc- 
rator, the resonant spark-gap circuit, and the tances is usually variable to accomplish this result. Units 

UL oscillator. These sources cover a frequency of this type have the advantage of being static and funda 
we ) cycles to 5 megacycles. Each method has mentally simple in construction. They have limited output, 
if advantages and disadvantages. A brief discus- however, and the maintenance of the spark-gap for uniform 





f this is in order. frequency control is considered by most users as a distinct 


" disadvantage. Various types of spark-gaps are used; some 
f- Cra? being air gaps while others operate in an inert atmosphere 


but regardless of these differences, periodic reconditioning 
is essential. 





i AteTom- Girt earee tT — . = —“— 
: isti SO (PF = on, 
e rotating electrical generator has a distinct advantage of veer I til oe TT) 
w available at capacities up to 250 kw output, and con- i “nace am ree 
a 
ently, large energy requirements can be met. However, iis tiie aes 


ency range is limited by mechanical design, with a 
m of approximately 15 kilocycles. Therefore, even 
h having a large capacity, the energy available in 
cing a magnetic field is limited by the comparatively 

uency. This method also carries with it the mainte- 
ice problems of high speed rotating machinery and pre- 
s a low overall efficiency due to the friction and windage 
es. Because of the low frequency, inductive loads placed 


The third method producing high frequency electrical en- 
ergy is the vacuum tube oscillator which depends upon the 
characteristics of electronic tubes in producing rapid electric 
pulsations. This equipment also consists of a capacitance 
and inductance; the output frequency depending only upon 
the ratio of the value of these two constants. The usual 
method is to employ three-element vacuum tubes as oscil 














ss the terminals of the generator have a comparatively lators being fed through a bank of mercury-vapor rectifiers 

impedance and, therefore, do not require high terminal The fundamental circuit takes low voltage alternating cur 
aa itages. The cooling system employed with this type of rent and steps it up to approximately 10,000 volts; this 
enerator is usually forced air circulated by a fan attached voltage being in turn rectified into a full wave dc potential 


This potential is used to charge a capacitance through the 


the shaft of the motor-generator set. wt ’ Uae 
osciliator tube circuit. The discharge current from the con 




















—> denser passes through the inductive shunt circuit in series 

(nPuT = onter with which are the output terminals of the generator. Fre- 

capacsTane ] quencies ranging from 200 kilocycles to 5 megacycles may 

CaCO , be obtained with units of this type depending upon the 

ARSOVINT TR JAP electronic tubes employed and the circuit constants. These 

The resonant spark-gap circuit for producing high frequency units are entirely static in operation and are fixed frequency 

nsists fundamentally of a step-up transformer converting generators. Their physical size is relatively small per kw 

standard frequency low voltage energy into energy at a capacity and the input power factor is practically unity. The 

tential of the order of 3000 volts. Across the terminals of vacuum tubes have shown their ability in radio broadcast 

the step-up transformer is a circuit consisting of a spark- services to give service for 10,000 to 15,000 hours. However, 

gap, capacitance, and inductance; the ratio of capaci- the tubes have the disadvantage of requiring water cooling 

tance to inductance, along with the spark-gap character- This, on the other hand, is relieved somewhat by the fact 

oS cstermining the frequency at which the current flows that the high frequency leads and coils in practically all 

in the closed circuit. The output of this type of generator is types of induction heating equipment necessitate water 

. sually taken from a second inductance coil magnetically cooling, and the same water used for this purpose can also 
aked with the main inductance of the circuit. The physical be used to cool the tubes 


PRODUCTION AND CONTROL OF MAGNETIC FIELDS 


mn 



















After obtaining a source of high frequency electrical en- The usual form of these at no 
ergy by any of the above mentioned methods, the next conductors is a coil, AD g* 
pro hand is the design of a conductor set-up which either single or multi-turn, Lt a + . 
ad “ly the proper heat producing magnetic field. As de- depending upon the flux- i. y bie 
aned in previous data sheet, “magnetic fields occur in pattern requirements. Since : 

he area uunding a current carrying conductor”, and field strength depends |. ; 

ae Seat eth of the field varies inversely as the square of upon the current in a/y7) >> 

¢ distar rom the current-carrying conductor”. Since the single-conductor, its mag-| | { (oe 
Prime put of using induction heating is to localize heat nitude is amplified by the <><" °- 
ihre pecified section, we must produce a magnetic use of a multi-turn coil, rae’ 

“ic wh llows the depth and contour of this section. each turn acting individu- eal 

a we must locate current carrying conductors ally as a conductor. The - 

ae luce a magnetic field meeting these require- sketch above shows the flux-patterns of the magnetic fields 
a - ving sufficient field strength to give the desired surrounding both single and multi-turn coils, with no 
— metallic material in the coil. 
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NEW PRODUCTS AVAILABIE 


Stopper Head 
Perfected by 

neers of the Electro Refractories 

Bullalo, N. Y., 


working closely with steel plant 


ceramic engt- 
and Allovs ¢ Orp., 


metallurgists. Requirements: 





High resistance to abrasion, high 
softening point, spalling resist- 
ance, supply not threatened by 
shortage of critical materials. 
No. 63 


Shell Coating 

Machine sprays automatically 
the inside and outside of 75 mm. 
to 105 mm. shells at the rate of 
200 to 900 per hr. Shells are 
loaded on moving conveyor and 
are rotated in front of spray guns 
Which spray the exteriors. Still 
rotating, the shells pass to a posi- 


tion where a gun is lowered into 





the interior, thus completely 
spraving the inside. Binks Mfg. 
Co., | hicago. No. O4 


Stabilizing Control 

Development in the field of 
control engineering has been 
announced by the Foxboro Co., 
Foxboro, Mass., under name of 
Hyper-Reset. Not an instrument 
ora mechanism, this is a control 
Model 30 


Stabilog Controller, for applica- 


function available in 


tion where process-lag is consid- 
erable. Hyper-Reset reduces the 
effects of a disturbance by mak- 
ing temporary additional correc- 
tions, proportional to the rates of 
change of the measured value 
caused by the disturbance. The 
normal reset follows, thus rees- 
tablishing stable conditions. 

No. 65 


Removing Scale From Pipe 

Kquipment for removing 
heavy furnace scale from seam- 
less steel pipe, shown in the view, 


includes an airless Wheelabrator 





for cleaning the exterior of pipe 


varying from 2 to 14 in. o.d. and 
from 18 to 50 ft. in length. An 
air blast is used for descaling the 


interior. In continuous produc- 


Readers may obtain complete details on these products 
to the manufacturer direct, or to Metal Progress. We 


requests on to the manufacturer. 


tion, cleaning speeds \ 

ing to size ot pipe, 4 | 

and condition of s e | 
example, speed of th ny 
rolls for 4 in. sta ird 

carbon pipe is 18 ft. y mit 

the exterior and 14 | i 


interior. Built by Ame 


Foundry Equipment ¢ Mist 
waka, Ind., for the National § 
ply Co. N 


Pipe Bending Press 
200-ton hydraulic pipe be 
ing press saves time usu 
required to heat pipe by mal 
many bends cold. This 





eliminates distortion in the st 
Manufacture! 
the Baldwin-Southwark Divis 
of Baldwin Locomotive W 
Philadelphia. \ 


when cooling. 


Anodic Degreasing Materia! 


Specially design 


war demands for tast vcles 
anodic degreasing or revers 

> ; 
rent cleaning of cold 1 ds 


parts before finishing 
line-type material has jus 
announced by Oakit 
Inc., N. Y. City. (Cont 


weritins 
will gladly pass 


ts ' wail 
Simply mention the ragrap 


numbers of the items in which you are interested. 
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The production ot 


intricate iluminun ( 


dependent upon the rig 


molding machines ans 
equipment that can service cor! 
the indi, dual type ot ca 
involved. National has these fa 
and in addition oul person 
especially adapted to and 
oughly experienced in, the 

of this type of casting 


has been one of the 


in making Nationa 
vreatest producers ot lar 


castings in producti 








PRODUCTS 


From page 116 Known as 
Oakite Composition No. 90, it has 
high conductivity, is adaptable 
to hard water, has smut-removy- 
ing properties and fast wetting- 
out action. It removes oil, grease, 
smut, polishing and bufling com- 
pounds on a wide range of war 
supplies. No. 68 


Cold Producer 

Temperature as low as 50 
to —80° F. for testing, shrinking 
or “heat treating” parts, mate- 
rials and machinery, and for 
other experimentation, is pro- 
vided by the Niagara No-Frost 
Method. Ice or frost does not 
form on cooler coils to interfere 
with operation of this equipment, 
which uses no brine but a special 
Niagara 
No. 69 


non-freezing liquid. 
Blower .e. N, 7. City. 





Spring Retainer Shaft 





-—because... 


It saved $37.50 per ton of steel used 


- 

It machined faster than SAE 1112 “es sad 
us 

It increased tool life 45% Machinability 

It riveted without fracture (230 SEPM) 


Speed Case will rivet « Bend cold 180° 1” Rd. C. D. 
Machines at 230 SFPM « Very smooth finish 
Excellent carburizing 


In this “all-ovt" war effort Monarch Steel is co-operating 100%. 
We're helping to “keep ‘em rolling” with Speed Case Steel. 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND » INDIANAPOLIS - CHICAGO 
PECKOVER'S LTD... Toronto, Canadian Distributor 


Licensee for Eastern Stotes 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 





MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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Are Welder 





Heavy duty, ai 
welder, known as th F. } 
been developed by 1 te Mi 


Co., Philadelphia ur-tiy 
demand for virtually 
welding prompted it 
ment to avoid early |} 


which is almost certa 


under present high eSs 

operation of olde: 

New machine suppl cul 

for electrodes from 

has 24 heat steps, an ut 1 

age of 230 volts ai curr 

range from 15 to 250 amperes 
No. 7( 


No-Splash Carbide Tool Grinde: 
These 10 and 14 in. wet 
dry carbide tool grinders h 
been designed with new no-spra 
no-splash guards. Provide gr 
accuracy and much faster op 


tion because the extra worl 





spaces around the 
wheels permit the maxi 
amount of light and fullest 
ating freedom unham 

hoods or shields. Manufact 
by Hammond Machinery 5 


ers, Kalamazoo, Mich N 


Holding Magnet 
Electro magnets 
numerous application 

fabrication industries 
building and are used « 
in welding assemblies 
ing and holding plates tog 
Stearns Magnetic Mfg 
waukee, makes a mag 
ing clamp in various 
such use. Plates are « 
level alignment with 
flush against the flat 


the magnet. 









% ; a lloy steel, con- 
® @ ceived in the 


mighty heat of 


ric furnace arcs, is just being 
W tteems into ingot molds. 
How can the raw steel in 
se ingots be brought to maturity 


t«< ‘ 


ished warplanes (or 
KS, ¢ ships, munitions )? How 
f in be actually put to 
rk, W nly a bare minimum 
cr eject” and spoilage 
is war, a battle easily 
the way any one plant 


»blems of production 





STEEL IS 
WILL BE 


OEM Phot 


The Allegheny Ludlum line-up of 


alloy war-steels includes stainless 
and heat resistant, tool, valve, ni- 
triding and electrical steels. In- 
formation on their more effective 
fabrication and use includes certi- 
fied “Blue Sheets” for engineers 
and technical men; “Handbook of 
Special Steels” for production men; 
“Elementary Discussions” of tool 
and stainless steels for training 
course use, etc. 

@ Tell us your alloy steel problems 
—particularly if yours is a Cony erted 
plant, making unfamiliar products 


t10n. from strange materials. If we don't 
7 whet a 
war ET ELIE TLNIIOTO SS Ae 
. 
a _—— 


a ts 
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by Palmer, in an Allegheny Ludlum plant 


FLOWING TODAY THAT 
FLYING NEXT MONTH 


have the answers in printed form, 
the services of our Technical and 


Field Staffs are also at your disposal. 





Allegheny Ludlum 


STEEL CORPORATION 


GENERAL OFFICES PITTSBURGH, PENNSYLVANIA 














AUSTENITIC STRUCTURE’ jak ce Ge 
spondingly expand: 


agrees with actua 


By N. J. Petch cated orthorhombic crystals ol 


cementite lost their identity, the 
UBLISHED INFORMATION individual atoms of carbon tak- 


measurements. 
Investigation of t] 
by X-ray diffraction 


about the crystallographic ing up positions in the spaces a 
nature of austenite has been between the iron atoms (that is, been difficult becaus: 
reviewed and it was concluded forming an interstitial solid solu- carbon atoms thems 
that the weight of evidence was tion). A cogent argument is that little effect - the 
in favor of the view that on heat- when the carbon atom crowds X-ray reflections as 
ing through Ae, the compli- itself into a gap of this sort the with the reflections 


iron atoms. It may a 





puted that, ina 14% « 
tenite, the intensity of 
from important erysta 
changed by no mor 
whereas the experim 
racy of the most caré 


$ THAN Yr Of 1% urements approaches 


specey FURNAS” Beat porternar te 


looked upon as arrang 


TAL LOSSES LES 
iW THIS EFFICIENT, 


loss ave 
metal ta De 


rages less = 


ing "eg ar o : > F 0) ( 
per alloy out troit Rock regular octahedra or 1 











. set © 
“On our cab cent.” writes oer, “We rahedra, and the center 

e er. 
Ma oie Furnace: Say* een is eas may be a space wher 
“ joss during me 
that the ent.” atom may lodge. In_ the 

5 con" 
“ etroit Furnaces the case the reflection from tl e 
n " 
ital facto plane of the given 14 


Detroit Fu 





bon austenitic steel 


. or non-ferrous 
ither ferrous with rated 


today for fur 


decreased by about 2 


in the second case the 





from the same plan 


unaffected: reflections 





200 plane would bi 


by about 2 unde 





assumption, and de 


2 under the second 





Using a very pure ir 


13 manganese and 





bon, heat treated and 


in vacuo from BLE 





showing only auste! 





expected approximat 


of the seven lines 





be measured accu! 





actually found, and 


the correct § direction 





minus) «as predic ed 


carbon atoms are sul 





six equidistant iron 


In other words, R ree 





atoms lie at the cen 
unit cells and at the 


of the edges. 


*Abstract of * The 


i} we eles ELECTRIC FURNACE DIVISION the Carbon gg 


paper for the Fel 
KUHLMAN ELECTRIC COMPANY ° BAY CITY MICHIGAN ‘he Britich Iron & Sk 
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LDS IN WHICH STEEL CASTINGS 
ARE CONSTANTLY USED 


onautical 


icultural Machinery 


lomotive 


Tank & Piping 


nical & Paint Works 


pressors (Pneumatic) 
eyor & Material Handling 


ng Machinery & Cement 


ge 


cal Machinery & 


uipment 


e 


@ Processing & Packing 


ant 


ery Machinery & 


huipment 


Producer & Coke Oven 


Treating Fy e& 


auipment 


& Derrick 


lron & Steel Industries 
Metallurgical Machinery 


Mining Machinery & 
Equipment 


Oil or Gas Field & Refinery 
Ordnance 


Overhead Crane & Charging 
Machine 


Paper Mill 
Printing Press 


Pump 

Railroad 

Refractory, Brickyard & Ceramic 
Refrigeration Machinery 

Road & Building Construction 
Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 
Steam Turbine 

Street, Elevated, & Subway Cars 
Textile Machinery 

Valves, Fittings & Piping 


Well Drilling Equipment 





S HELP 


IMPROVE 
YOUR PRODUCT 


Buffalo, N. Y. 


Strong Steel Foundry Co. 
51 Norris St. Riverside 2700 


Chicago 


Burnside Steel Foundry Company 
1300 East 92nd Street SAGinaw 9600 


Cleveland, Ohio 


Crucible Steel Casting Company 
Almira & West 84th. WOodbine 4613 


Detroit, Michigan 
Detroit Steel Casting Company 
4069-4140 Michigan Avenue LAfayette 5710 


Houston, Texas 


Texas Electric Steel Casting Company 
Bringhurst & Gillespie. Fairfax 8117 


Indianapolis, Indiana 


Electric Steel Castings Company 
Speedway. Belmont 0400 


Milwaukee, Wisconsin 


Sivyer Steel Casting Company 
Mitchell 1442 


1675 S. 43rd St. 
Newark, New Jersey 


American Steel Castings Co. 
Avenue “L" and Edwards Street Market 3-5464 


Philadelphia, Pa. 


Dodge Steel Company 
Tacony. MA Yfair 1650 


Toledo, Ohio 


Unitcast Corporation, Steel Coting etten 
Front and Millard Avenue Ontiac 1545 


Tulsa, Oklahoma 


Oklahoma Steel Castings Company 
1200 N. Peoria. 5-9286 


NI 
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DD 0.24*4xk1.10™«1 


COMPUTING HARDENABILITY ot 


However, sm; 


of the other elements 











this steel (and in 1 
(Continued from page 80) and 0.98 respectively, as deter- ;_ 
; a ' ; . sizable amounts al 
in a size 0.24*4*1.10 1.000 mined by points D and E on the ' 
a , sad : : from. the scerap ! 
in., or about 1.1.-in. round, in the top right diagram in the data 
a . ; a double the hardenab 
ideal or instantaneous quench. sheet. This steel, therefore, if 
fi nickel has a factor of 
Similarly the other elements, appraised by the ordinary ele- a aa ' 
ar F in the middle rig 
commonly determined, 0.020 ments carbon, manganese, sili- , 
; 0.30 chromium in 
phosphorus and 0.029° sulphur, con, phosphorus and sulphur, fact C17 
7 7 . . : arge tactor o AU rm 
introduce two more factors, 1.05 would have an ideal diameter of - 
at point G), 0.00 m bd 
a factor of 1.16 pol H 
0.05 copper a fact f 
Photo by U. S. scaled from the line for nie! 
Army Signal Corps. Multiplying all the far 
for all the elements determ 
results in a figure of 2.40 for | 
ideal diameter of steel of 


given analysis and grain siz 
mentioned, this hardenal 
number states the = siz 

that will just harden all the 
through to a 050 martens ’ 
microstructure in-=an 


quench, as judged by fractu 





etch test. 

If it is desired | é 
hardenability in some 
units, as for example th 
of hardening in a Jominy 


quenched bar, then the cur 


with AMPCO Bronzes’ lower left in the data eat: 
Rugged Strength be consulted. Ideal diameter 2 


is noted on the curve at point 


Designing engineers—men who know materials—find need for which corresponds to “x in 
Ampco Metal and Ampco-made bronzes in the vital instruments the end of the end-quenel 
of war. In anti-aircraft gun mounts—in aircraft—in machine tools specimen. This means that ! 
— bronzes from the Ampco foundries are in service. , 
hardness of the center ol 

TO GOVERNMENT SPECIFICATIONS ideally quenched round bal 
Much of the bronze cast at Ampco is to government specifica- be found %s in. from the en 
tion. The wide experience of our engineers and metallurgists— the Jominv hardenability 


skilled in producing bronzes to meet exacting conditions —is at 
the service of government contractors and others supplying 
essential equipment. 

If you need a bronze that must meet definite physical prop- 


bar. This actual hardness 
the 0.50% carbon low alloy s 


is about Rockwell C-4o, as 










erties and chemical composition, consult with Ampco. All alloys mated from the curve 4a 
are laboratory controlled and closely inspected at every step lower left of the data shee! 
with precision instruments. Ask for literature. . etennate enol 

It should be strongly en 

AMPCO METAL, INC. sized that when undissolved 

DEPARTMENT MP-7 MILWAUKEE, WISCONSIN bides are present in tl ster 

I quenched, the charts can 
cate only a maxim poss 

hardenability, whereas {he ' 

of hardening actual bt 


may be much less 


METAL 


THE METAL WITHOUT AN EQUAL 


undissolved alloy cart 





This situation is illustratec 





(Continued on ] 
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DESPATCH 
POT TYPE FURNACES 


For annealing steel shell case 











To Fight This 
WAR OF METALS— 







tempering gun parts, tools and dies, armor pier 
ing shot, precision instruments and other proce 


yroduction ol war equipment 





necessary to the 














DESPATCH 
CONTINUOUS CONVEYOR FURNACES 


! } 
For treating armor piat annealing stee | shell cases, 














brass shell cases, for heat treatment of small arms 
suc h as, guns, rifles, machine guns, automat pistols, 


revolvers and parts; also for tempering tools and dies 


DESPATCH 
ALUMINUM AND MAGNESIUM 
HEAT TREATING FURNACES 


For solution heat treatment, precipitation heat reat 
ment of aluminum alloy and magnesium alloy cast 


ings, forgings, sheets and shapes. For heat treatment 


of other semi-finished products of aluminum, copper 

PHONE OR WIRE TODAY brass, steel, etc., m the iorm ot sheets, strips, cast 
FOR A ings, tubing Also for stress relieving welded 
DESPATCH ENGINEER! structures for gun carriages, welded tanks and tank 


parts. 


DESPATCH 


OVEN COMPANY minnearoris, minnesote 
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Conserving Nickel and Chromium 


Through Proper Care 


Heat resistant alloys are indispen 
sable in many of our war production 
processes, because they resist oxida- 
tion and retain their strength at high 
temperatures definitely better than 
other commercial metals. Neverthe 
less, regardless of who makes them, 
they are metals which expand and 
contract with changes in tempera- 
ture. They can be overheated and, 
therefore, with proper care, can be 
made to last longer. 

Nickel and chromium, which are 
these 


the major constituents of 


alloys. are critical materials in our 
Victory program and the supply ts 


\lso, 


expensive metals. Obviously, then it 


limited. they are relatively 
is essential that special precautions 
be taken concerning the service con- 
dition under which the heat resistant 
alloys are used, to insure their con 
servation and for economy as well. 
In the fever of high pressure produc- 
tion there is always the possibility 


ol neglect and abuse. 


The following safeguards therefore 





AMERICAN MANGANESE STEEL DIVISION 


* THE AMERICAN 


€ & FOUNCE 
Chicago Heights, Hlinots 


should be carefully observed 
|. Avoid overheating. 


2. Avoid 


heating 


very 


localized or uneven 

3. Regulate changes in tempera 

ture as much as process will 
permit. 

Lse of the proper analysis for the 
job is vitally important and Amsco, 
through its metallurgical and physi- 
cal research laboratories, can aid 
materially in the selection, and 
through its engineers, help develop 
proper designs that take into con 
sideration thermal stresses, shape of 
parts to be heat-treated and other 
pertinent factors. 

Amsco Alloy is serving production 
for Victory in many plants employ- 
ing heating, heat-treating, roasting, 
refining. calcining and other proc- 
esses requiring high temperatures 
and involving corrosion. 

Bulletin 108 describes the stand- 


Amsco Alloy 


pictures typical heat and corrosion 


ard analyses of and 


resistant castings for industry. 





Manganese Stee! Castings for shocks and abrasion 
Chromium-Nickel Alloy Castings tor heat and cor 
esion Fr 


esistance 


Power Shovel Dippers. Dredge and Industrial Purnps 


Welding Materials tor reciamation and hard-surfacing 





FOUNDRIES AT CHICAGO HEIGHTS, ILL.; NEW CASTLE, DEL.; DENVER, COLO.; OAKLAND, CALIF.; 
LOS ANGELES, CALIF.; 


ST. Lous. MO 


OFFICES IN PRINCIPAL CITIES 








HARDENABI ITY 


(Starts on pag 


the hatched areas aboy » chro- 
mium and vanadi lines 
Especial care is ne iry ip 
computing hardnesses stecle 
like chromium-mol) lenum 
S.A.E. 4150. 

The ideal diameter D denotes 
as mentioned previously) the 


size of bar that just hardens to » 


half-martensitic core in an ideal 


severest possible quench 
Actual quenches in practice are 
than tl 


quench, so that the size that will 


less drastic ideal 


just harden fully is smaller than 


the ideal diameter D,. The six 


that just hardens in any actyal 
quench may be predicted by thy 
use of the lower right diagray 
in the data sheet, after som 
information has been gained as 
to the actual severity of quench 
It is easy to ascertain the sever- 


ity of quench experimentally, as 
the data sheet. Mera 
PROGRI SS for October 194] pag 


220, or the figures in the tab 


shown in 


may be used as a guide 
Assume that the steel in ques 
diameter 2.40) is 


tion (ideal 


be quenched in wate! 

The severity of such 
H value from the tabl 
The actual critical dia 


full 


agitated. 
quench 
is 1.05. 


eter for hardening 








these circumstances W | 
scaled to the left from p V 
and is about 1,°. in 

As to the reliability i u 
method, the experimental res 
checks with the calcul i us 
ally within 10 or I whe 
precise data are aval 
under more ordinary s 
mostly within 15 to 20 WI 
it is realized that a dill r 
only one grain size nu \ 
modify the results s 
10%, and that a so-c 
dental” chromium « | 
0.20% increases harde yi 
about 50°. it will ! UIZeU 
that an agreement 10 
20 will possibly be a jual 







guide for most purp 
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1 Ste rel 4 ‘ompat) 


Presse 
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rectangul: ar Anne galing 
THE 
Lee Wilson 


Ohio 


The 


installation was made by 
of Cleveland. 


‘ompany 
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Enginee ring ( 
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Ss 
o f ED STEEL 
WILKES-B COMP 


ANCH OFFIC 3 
7 Curtis 
Bldg., D 
.. Detroit; 1914 
PRE Vermont 
SSED STEEL COMPA Ave., Toledo; 205 Engin 
i ae eers Bldg., Chi 
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WELDABILITY OF SUBSTITUTES 


(Continued from page 71 standard notch across one face 


2100° F., air cool one, cool one by of each, bend and measure the 


‘] he 


width of the bars is preferably 


air blast and one by oil dip angles. Intc., late for the angle 


corresponding to that hardness 


| times or more than the thick- measured in Item 1. This is an 


ness, and should be long index of ductility and weldability 


they 
enough for convenient bend test. as far as heat effect next to the 
After heat 


the hardness of the bars, cut a t. 


treatment, measure weld is concerned. 


tun a Jominy end-quench 










You'll find a 


FIGHTING 
, ALLOY 
\ in"BERALOY 25” 


JU Lonny 


The Alloy that doesn't get tired."’ 


Fulfills unique tasks that cannot be per- 
formed by any other metal or alloy 


We have the facilities, personnel, and 


WILBUR B. DRIVER CO. 
oO NEWARK, MEW JERSEY o 


Mon vtecturers TOPHET © the Nickel Chrome fe “ce Woe 


* 


experience to meet the most exacting 


specifications 
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test on the new stee] 

cedure identical to that te] 
Measure hardness at 
tance from the end d 
in Item 2. 
to be 


operation. 


This gives 


expected in the 


2. Prepare two or t 
bars of the new steel j 
as in Item 3, and subj 
same procedure. Inter 
angle of bend corresp 
that hardness determing 
t. Comparison of this 
bend and the angle of bend fi 
in Item 3 gives relative welda} 
ity under the specific condi 
pertaining to the joint select 
in Item 1. 

To illustrate this systen 
comparison was made of st 
NE 8630 with S.A.E. 4130 used 
in a joint comprising a sing 
layer fillet tee weld made by tl 
metallic are on .x@Z 
plates. In this weld .4,-in. carb 
molybdenum electrodes wi 
used with welding current of It 
amperes. Fillet was =4,in. on edg 

In line with Item 1 the w 
was sectioned, lightly etched | 
disclose the boundaries of 
heat-affected zone and maxin 
hardness measured as Rockw 
C-40. In 


34-in. round bar 3 in. long « 


line with Item 2 


S.A.E. 4130 steel was end 
quenched after heating for |! 
in cast iron chips. Hardness 
readings taken along the ba 
showed that C-40 hardness 
obtained in Item 1, occurre 


0.338 in. from the quenched end 
In line with Item 3, three tes! 
bars %X1%xX6 in. of the 
S.A.E. 4130 were heated to 210! 
F. and cooled in still air, in 


ely 


air blast and in oil, respects 


Hardness was measured, a stand 
ard Izod notch cut ac! 

bar face and the bars 
initial failure. The angies * 


measured and by interp 
was determined that 4 
responded to hardness 
In line with Item 4, 
the NE 8630 
respects except compos 
(Continued on page 


identic 

















“-URNACE 
“OVENS 


industrial 
Carl-Mayer 


leaders, an 
averages 


rs trom 


stomer. 


ec 


{ Few Carl-Mayer Customers: 


General Motors Corp 
America Hollup 

{ Hyatt Roller Bearing Co 

& Wire Co. 


sium Corp 


Corporation 


. § rp Page Steel 
sss (Lo Pittsburgh 
Steel Co. of Canada 


Thompson Products Co. 


Division 
Aviation Corp 
Timken Roller Bearing ( 


( Wickwire-Spencer Co. 


The vr eae Corp., Cleveland, Ohio 


NIAGARA BLOWER COMPANY 


De pt MP 72 
et New York City 


an Buren St., Chicago. lll 
& Cherry Blidg., Seattle. Wash 
no St., Buffalo, N. ¥ 


gineers in Principal Cities 


NIAGARA 


MATER 


important 
more 


Tool Steel Wire Co 


mi) 


than 


Lower cost cooling with accurate 
automatic control of temperature 
is given by the NIAGARA AERO 
HEAT EXCHANGER in 


range of applications. Lubricating 


a wide 


rolls in strip mill—cutting oil in 


24 hours operation of automatics 
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Installations § at 
reached SIX, 
nomical performance in drying coated welding 
rods. 
lating Air Heater Principle and Rod 
fer Systems 
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fe e, 


WELDING ROD OVENS 


Hollup Corp have 


proving highly efficient and eco- 


now 


These ovens use the “Mayer” Recircu- 
Trans- 


(patents pending) 


OVER 20 YEARS’ EXPERIENCE 





quenching baths in steel treat- 


ing —cooling engine and machine 
jacket water— hydraulic fluids— 
industrial coolants. 

Water saved is over 95% of con- 


tinuous flow cooling water. Closed 
system prevents adulteration or 
Controlled 


temperature prevents solidifying 


dilution of coolant. 


of waxes or breaking down of oils 


or solutions. Write for Bulletin 90. 


INDUSTRIAL COOLING « HEATING e DRYING 
HUMIDIFYING e AIR ENGINEERING EQUIPMENT 








WELDABILITY OF SUBSTITUTES 


(Starts on page 71 and the bend angle of 4.3° was 
that used in Item 2 was subjected found to correspond with a hard- 
to the same end-quench pro ness of C-43. 
cedure. At the distance of 0.338 From the above data, tabu- 
in. determined in Item 2, hard lated at right, it was concluded 
ness of the NE 8630 steel was that the weldability of the two 
C-43, in line with Item 5. The steels was practically identical as 
procedure in Item 38 was then concerns the heat effect next to 
duplicated, using NE 8630. steel the weld in the joint in question. 










se — NY ' » >} 
D = >= ¥ 
INDUSTRI RNACES 


There is a 
DEMPSEY 
FURNACE 

for every 

Heat Treating 

requirement 







Recirculating 


Continuous 


Conveyor 
Bright Annealing 
Clean Hardening 
Shell Forging 
Shell Nosing 


Shell Heat 
Treating 


Cartridge Case 





Charging end of continuous normalizing, annealing 
and heat-treating furnace 


paca Will Pay for Itself ’ 


alee in Less Than One Yeare 


The Dempsey furnace pictured above is a striking 
example of the superiority of Dempsey equipment 
where performance, economy, and production speed 
are important. [ts controlled cooling cycle is outstand- 
ingly eflicient in annealing operations. In addition to 
maintaining a more uniform temperature, thus produc- 
ing higher-quality work, it... 

@ Saves Fuel 

@ Eliminates Labor 

@ Adds longer life to Tools 

@ Does the work of many smaller furnaces 

@ Reduces Costs 


Annealers 


Billet Heaters 














DEMPSEY 


pepusTarat sumnwaces 







Our engineering staff will gladly survey your needs 

Car-Type Qurnaces... ab and suggest similar time-, Tabor-, and money -saving 

Sie ae re equipment, 

New Bulletins 
Give complete details. Write for them today. 


DEMPSEY INDUSTRIAL FURNACE CORPORATION 


SPRINGFIELD, MASSACHUSETTS 





FURNACES—OIL & GAS BURNERS 


Offers Combined 350 Years’ Experience Building 


DEMPSEY FURNACES since 1917 + GILBERT & BARKER since 1908 
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To check this e 
weld was made in th: 
attempting to duplicat 
tions of welding. Th. 
sectioned and a maxin 
well hardness of (¢ 


“STANDAI \ 
S.A.E. 41 
Hardness 
near weld C.-40) 
Jominy test 
for C-40 0.338 j 
at 0.338 in. 
Bend i 
found. It should be | 


C-43 was predicted. r} 
ence is minor and may 
resulted from small \ 
that are to be expected } 


welding. Both this weld 


weld made in the stand 
used in Item 1 were then: 
in such manner as to pl 
bottom of the notch at th 
of maximum hardness 
joints were then bent 
angles measured. The 
bend was identical f 
steels namely, 5.5 

It should be noted nal 
the relative differenc: 


/ 


the two welds is of int 
that there is no reason 
the angle of bend in U 
proper will be the sam 
in the test specimen. This 
to the fact that the hardness 
the test specimen is tl 
throughout, whereas tl 
ness adjacent to the we 
off rapidly from the m 
The important thin 
the bend values of the | S 
are the same, both in 
specimens and in th 
proper, thus confirmirs 
diction that the weldabi 
new steel is substant 
same as the standard st 
as heat effect next to th 
lar weld in question is « 
It must again be en 
that the procedure 
applies to weldabilits 
regards the heat effect « 
on the base metal. If 
tors are involved th 


should refer to the mo! 


@D 


hensive paper above cul 


























NITRALLOY STEELS 


War equipment cannot be “babied”’. Every part must 
stand up under tough service. The wear resistance 
of the extremely hard surfaces obtainable with 
Nitralloy Steels protects vital parts. We are manufacturing 


Nitralloy Steels for every type of fighting equipment. 


COPPERWELD STEEL COMPANY °- WARREN, OHIO 


CARBON TOOL STEELS ~- ALLOY TOOL STEELS 
AIRCRAFT QUALITY STEELS - STAINLESS STEELS 
NITRALLOY STEELS - BEARING QUALITY STEELS 


VTi eke) 
STEELS 











"THE wit to MAKE GOOD STEEL. 
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SAVING CHROMIUM ALLOY Germany as a subs 


nickel; one’ well-reg 


in heat resisting steels tenitic alloy contains 








Ni, 18% Mn, 342% Si, 

and strength at high tempera- C. It is resistant to s« 

By G. Riedrich tures. Silicon up to 242% and 1800" F. and has cree 

aluminum reinforce the scale of 16,000 psi. at 120 

_ CITING the require- resistance of chromium. As a 6000 psi. at 1400° F 

ments of heat resisting means Of obtaining a high pro- The ferritic Cr-Al 

steels, the Cr-Ni-Fe series of portion of austenite, nitrogen taining 20 to 30 C; 

austenitic steels well known in must now be considered along 8% Al. are used aln 

America were cited for their with nickel and manganese. sively for electrical h 
excellent resistance to sealing Manganese is regarded in saimahe and therefo) : 


treated in this article 





a half-ferritic ste 
6%2% Cr, 1% Al, 1 . 





C, and a ferritic steel tl 
ir. 114° Al, 1%‘ I 
have replaced the higher ( 


alloys for seale resists 
1500 and 1650° F. resp 
Embrittling changes 
structure during a long s 
certain temperature ra 
been studied extensively 
categories of these all 
subject to the disease 
austenitic Cr-Ni (contai 
than 380° Ni und = Cr-M 


steels, there is the fami! 





bide precipitation (or pri 

tion of FeCr sigma phas 
Fiom Caaat 2s To. Coast grain boundaries at 1100 | 

F. It is not possible | 
The Talk of the Machine Shops Wherever the tendency to embrit! 


Boker's Tool Steels yy , ” by alloy additions, sine 
T, £ / forming elements whic! 
are used - - - - - - - ° ; Magra 
carbide precipitation a 
\V (¢ 18-4-1 Type High the precipitation of Fe 
\ 0 Speed Steel. cipitation of FeCr sig i 
is not confined to the 
0 PRs — massive ferrite, but a 
\ High Speed Steel. in the austenite grail 
, aries: however, the « 
High carbon, effect is mainly due 


‘ chrome, air hard- at and near the grail! 
ening bar steel me 
. In the ferritic ste 


and castings. | 





tlement due to prolong 







at temperatures ove! 
For over 105 years we 
have served the industry 
and we are proud of it. 


brought about by ca 
FeCr precipitation 





sive grain growth. A: 


| Se titanium or columbiu! 


vent the carbide p! 


age 
<HDKER> but will not eliminalt ‘ 
a 
1897 5 growth. v 
H. BOKER & CO., Inc. ice ial 
* anh ( is 
101 DUANE ST. cs NEW YORK (1941), p. 852 (trans! T 


Engineer, June 12, 19 
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